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Brundred  Oil  Corp.  McClintock  No.  1,  near  Rouseville  (Map  No. 
15).  Probably  the  oldest  pumping  well  in  the  U.  S. 

Photograph  by  D.  W.  Grant. 


OIL  AND  GAS  GEOLOGY  OF  THE  OIL  CITY 
QUADRANGLE,  PENNSYLVANIA 

By  Parke  A.  Dickey,  II.  E.  Sherrill,  and  L.  S.  Matteson 


INTRODUCTION* 1 

The  Oil  City  quadrangle  is  in  northwestern  Pennsylvania,  and  oc- 
cupies the  southeastern  part  of  Venango  County.  It  covers  about  225 
square  miles — 17.25  miles  north  and  south  by  13.05  miles  east  and  west. 
It  lies  in  N.  latitude  41°  15'-30'  and  W.  longitude  79°  30'-45'.  It 
includes  about  30  square  miles  in  Clarion  County  and  4 square  miles 
on  the  west  edge  of  Forest  County. 

Purpose  and  Method  of  Investigation 

The  geologic  mapping  of  the  Oil  City  quadrangle  is  a part  of  the 
program  of  detailed  investigation  of  the  oil  fields  of  the  Venango 
district.  Reports  on  the  Tidioute,1  Milliards, 2 Titusville,3  and  Frank- 
lin 4 quadrangles  have  been  published.  This  report  completes  pub- 
lication of  detailed  maps  of  all  the  important  pools  in  the  Venango 
district.  Small  outlying  pools  in  the  Townville  and  Corry  quadrangles 
have  not  been  studied  in  detail. 

Three  somewhat  overlapping  purposes  prompted  this  investigation. 
First,  the  detailed  mapping  has  been  done  to  fulfill  the  duty  of  the 
Survey  to  compile  information  on  the  geology,  topography,  and  min- 
eral resources  of  the  Commonwealth.  The  need  for  having  an  agency 
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Note  typical  wooden  jack,  gin-pole,  and  receiving  tank  in  foreground, 
lease  stock  tank  in  middle  foreground,  central  pumping  pcnver  in  middle 
background,  and  refineries  at  Rouseville  in  background. 

This  well,  originally  known  as  the  Colby  well,  was  drilled  in  August  1861. 
It  was  reported  to  be  a good  producer  from  the  Third  sand  and  a fair  pro- 
ducer from  the  Second  sand.  It  was  drilled  about  four  months  after  the 
Rouse  well  which  blew  out,  caught  fire,  and  killed  sixteen  people,  and  is 
about  y4  mile  south  of  it.  (See  p.  114.) 

The  well  has  apparently  never  been  abandoned,  but  has  been  cleaned  out 
and  had  the  tubing  replaced  several  times.  Before  repressuring  was  initi- 
ated on  the  McClintock  lease  the  well  produced  % barrel  per  week.  In  1943 
it  was  producing  a fraction  of  a barrel  of  oil  per  day. 

The  late  Henry  H.  Rodgers  of  the  Standard  Oil  Co.  had  a small  refinery 
on  the  edge  of  Oil  Creek  about  300  feet  from  this  well. 

This  picture  (in  color)  won  a prize  at  an  exhibit  of  photographs  by  the 
American  Petroleum  Institute  in  1940. 


1 Cathcart,  S.  H.,  Sherrill,  R.  E.,  and  Matteson,  L.  S.,  Geology  of  the  oil  and  gas 
fields  of  the  Tidioute  Quadrangle,  Pennsylvania  : Pennsylvania  Topog.  and  Geol  Survey 

Bull.  118,  1938. 

“ Sherrill,  R.  E.,  and  Matteson,  L.  S.,  Geology  of  the  oil  and  gas  fields  of  the  Hilllards 
Quadrangle,  Pennsylvania : Pennsylvania  Topog.  and  Geol.  Survey,  Bull.  122,  1939. 

3 Dickey,  Parke  A.,  Oil  geology  of  the  Titusville  Quadrangle,  Pennsylvania:  Pennsyl- 
vania Topog.  and  Geol.  Survey,  Bull.  M 22,  1941. 

4 Sherrill,  R.  E.,  and  Matteson,  L.  S.,  Oil  and  gas  geology  of  the  Franklin  Quadrangle 
Pennsylvania:  Pennsylvania  Topog.  and  Geol.  Survey,  Bull.  M 24,  1941. 
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such  as  the  Survey  compile  this  information  is  not  always  obvious. 
During  the  present  critical  times,  however,  it  is  necessary  for  admin- 
istrative agencies  to  coordinate  the  whole  resources  of  the  nation  so 
that  each  may  play  its  part  in  the  common  effort.  In  order  that  this 
coordination  be  properly  effected,  information  on  the  mineral  re- 
sources must  be  available  in  detailed  and  accurate  form.  In  response 
to  a request  from  the  Federal  government  in  the  fall  of  1941,  most  of 
the  information  contained  in  this  report  was  made  available  to  the 
Office  of  Petroleum  Coordinator. 

Second,  it  was  hoped  that  the  results  of  this  study  would  be  bene- 
ficial to  the  oil  and  gas  producers  of  the  region.  The  area  embraced 
by  this  quadrangle  has  been  so  thoroughly  prospected  that  it  is  very 
unlikely  that  any  oil  or  gas  field  of  more  than  a few  acres  in  extent 
remains  to  be  found.  Geology,  however,  is  useful  to  the  oil  and  gas 
producers  of  the  nation  in  many  ways  besides  its  original  use  of 
searching  for  new  pools.  A knowledge  of  the  physical  and  chemical 
conditions  in  an  oil  or  gas  reservoir  is  of  great  importance,  especially 
after  the  field  is  partly  depleted,  and  the  recovery  of  a few  additional 
percent  of  the  residual  oil  means  the  difference  between  success  and 
failure.  Geological  conditions  must  be  taken  into  account  in  planning 
and  carrying  out  efficient  secondary  recoveiy  operations. 

Finally,  it  is  believed  that  in  the  future  oil  will  become  much 
scarcer  than  it  is  now,  and  improved  methods  of  recovering  it  will  be 
developed.  In  that  day,  perhaps  not  as  far  distant  as  we  thought  a 
few  years  ago,  it  will  be  necessary  to  have  as  much  information  as 
possible  about  each  old  pool.  Some  of  them  may  have  been  aban- 
doned before  that  time  comes.  Even  now,  it  is  impossible  to  obtain  any 
information  regarding  a few  pools  that  have  been  totally  abandoned, 
and  30  years  ago,  or  even  10  years  ago,  much  more  information  could 
have  been  obtained  about  the  rest. 

The  staff  of  the  Geological  Survey  believe  that  the  work  has  already 
justified  itself,  and  also  believe  that  50  years  from  now  the  laborious 
collection  of  well  records  and  compilation  of  maps  involved  in  the 
preparation  of  this  series  of  reports  will  have  repaid  its  cost  many 
times  over. 

Almost  every  available  well  record  was  collected,  each  well  located 
on  a map  on  the  scale  of  1 :20,000,  and  the  elevations  of  a large  pro- 
portion were  determined  with  alidade  or  altimeter.  In  the  north- 
western third  of  the  quadrangle  numerous  plane-table  lines  were  run, 
and  the  elevation  of  many  wells  was  determined  within  about  two 
feet.  In  the  remainder  of  the  quadrangle  elevations  were  determined 
with  Paulin  altimeters,  corrected  for  temperature  and  weather  varia- 
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tions  in  the  most  careful  manner  possible.  It  is  believed  that  most 
elevations  are  correct  within  10  feet,  although  a few  may  be  as  much 
as  20  feet  in  error.  Drill  cuttings  from  four  wells,  and  numerous 
cores  and  core  analyses  from  the  northwestern  part  of  the  quadrangle 
were  studied.  About  3,760  well  records  were  collected.  About  2,900 
wells  were  to  the  Venango  sands.  The  elevations  of  1,843  were  deter- 
mined, and  many  of  the  rest  were  located  on  the  map.  About  860 
Speechley  or  Tiona  sand  wells  were  located  and  the  elevations  of  292 
determined.  These  constitute  probably  about  half  of  all  the  producing 
wells  in  the  quadrangle. 

The  wells  were  located  during  1940  and  1941  by  Win.  S.  Lytle,  Jr., 
Elmer  H.  Ashton,  and  J.  H.  De  Long,  Jr.,  and  in  1942  by  Wm.  E. 
Howard,  under  the  supervision  of  Parke  A.  Dickey.  By  the  fall 
of  1942  all  these  men  had  gone.  The  report  on  the  oil  pools  and 
production  was  written  by  Parke  A.  Dickey.  The  exposed  rocks  were 
studied  and  mapped  during  the  summer  of  1941  by  R.  E.  Sherrill, 
assisted  by  Daniel  A.  Busch.  The  parts  on  Topography,  Stratigraphy 
of  exposed  rocks  and  Geologic  structure  were  written  by  R.  E.  Sher- 
rill. The  sections  on  Sands  below  the  Venango  group  and  on  Gas 
pools  were  written  by  L.  S.  Matteson,  and  on  Paleontology  by 
Daniel  A.  Busch. 
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TOPOGRAPHY 

DRAINAGE 

The  Oil  City  quadrangle  is  a part  of  the  Allegheny  Plateau  and  lies 
in  the  drainage  basin  of  the  Allegheny  River.  This  river  follows  a 
winding  course  westward  across  the  northern  part  of  the  quadrangle. 
(See  Plate  I.) 

The  northwestern  part  of  the  quadrangle  is  drained  by  the  south- 
ward-flowing  Oil  Creek,  which  joins  the  Allegheny  River  at  Oil  City. 
Pithole  Creek  and  Muskrat  and  Stewart  Runs  drain  the  northeastern 
parts  of  the  quadrangle.  The  north -central  part  is  drained  by  Hem- 
lock Creek,  Horse  Creek  and  other  northward-flowing  tributaries  of 
the  Allegheny  River.  The  southern  part  drains  westward  through  East 
Sandy  Creek,  and  its  tributaries,  which  enters  the  Allegheny  River 
at  East  Sandy  in  the  Franklin  quadrangle. 


Figure  1 — Oil  City  seen  from  the  west. 

RELIEF 

The  upland  surface  of  the  quadrangle  is  an  undulating  plateau, 
mostly  between  1,550  and  1,650  feet  above  sea  level.  The  higher  hills 
are  generally  broad  and  flat-topped  in  the  northern  part  of  the  quad- 
rangle. In  the  southern  part  the  higher  hills  are  more  rounded  and 
of  smaller  summit  area.  This  difference  is  a result  of  the  character 
of  the  outcropping  rocks.  In  the  northern  part  of  the  area  the  massive, 
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resistant  Pottsville  sandstones  generally  cap  the  broad,  flat-topped 
hills,  in  which  the  valleys  are  steep  and  canyon-like.  In  the  southern 
part  the  softer  shales  of  the  Allegheny  series  crop  out  and  form  a more 
subdued  topography.  The  general  uniformity  in  elevation  of  the 
highest  hills,  regardless  of  their  position  in  the  area  or  of  the  charac- 
ter of  the  underlying  rocks,  clearly  indicates  an  old  peneplained 
erosion  surface  which  has  been  uplifted  and  dissected. 

The  highest  surface  elevation  in  the  quadrangle  is  in  the  east- 
central  part  of  it  where  a hilltop  one-third  of  a mile  southeast  of 
Powell  Corners  is  about  1,710  feet  above  sea  level.  The  lowest  surface 
elevation  is  about  975  feet  where  the  Allegheny  River  leaves  the  quad- 
rangle at  Reno. 


Figure  2 — Allegheny  River  at  Walnut  Bend. 


GLACIATION 

Northwestern  Pennsylvania  was  partly  covered  during  the  Ice  Age 
by  at  least  two  ice  sheets — the  Wisconsin  and  the  Illinoian — and  prob- 
ably by  a third,  the  pre-Illinoian.  The  drainage  changes  and  the 
glacial  deposits  resulting  from  these  ice  sheets  have  been  extensively 
studied  by  Leverett  and  others.1  Detailed  field  study  of  the  glacial 
effects  was  not  made  for  this  report. 

1 Leverett,  Prank,  Glacial  formations  and  drainage  features  of  the  Brie  and  Ohio 
basins:  U.  S.  Geol.  Survey  Monograph  41,  1902. 

Leverett,  Frank,  Glacial  deposits  of  Pennsylvania : Penna.  Topog.  and  Geol.  Survey 
Bull.  G 7,  1934. 

Ashley,  Geo.  H.,  Scenery  of  Pennsylvania : Penna.  Topog.  and  Geol.  Survey  Bull. 
G 6,  1933. 

Leggette,  R.  M.,  Ground  water  in  northwestern  Pennsylvania:  Penna.  Topog.  and 
Geol.  Survey  Bull.  W 3,  1936. 
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The  most  recent  ice  sheet,  the  Wisconsin,  did  not  reach  the  Oil  City 
quadrangle.  Its  northeasterly-trending  terminal  moraine  lies  about 
five  miles  northwest  of  the  northwestern  corner  of  this  quadrangle. 

The  southeastern  terminus  of  the  Illinoian  1 ice  sheet,  as  mapped  by 
Leverett,  extends  across  the  northwestern  part  of  the  Oil  City  quad- 
rangle. It  enters  the  quadrangle  west  of  Oil  City,  crosses  Oil  Creek 
north  of  Rouseville,  and  thence  continues  easterly  to  the  vicinity  of 
Plumer.  The  Illinoian  drift  is  generally  thin  on  the  uplands  but  the 
streams  flowing  from  it  deposited  the  outwash  as  thick  valley  trains. 
These  valley  trains  are  conspicuous  along  Oil  Creek  and  the  Alle- 
gheny River  but  time  was  not  available  to  trace  them  in  detail.  Their 
top  lies  at  an  elevation  of  about  1,200  to  1,250  feet  above  sea  level. 
Half  a mile  south  of  Walnut  Bend  this  outwash  is  50  feet  thick  in  a 
large  sand  and  gravel  quarry,  and  the  top  is  about  1,250  feet  above  sea 
level.  The  sand  and  gravel  layers  are  here  inclined  (foresets)  about  10° 
S.20°  E.  In  Oil  Creek  valley,  midway  between  McClintock  and  the 
mouth  of  Cornplanter  Run,  the  outwash  is  about  300  feet  thick  (as 
indicated  by  the  drive-pipe  in  a Avell) . Its  top  is  1,200  feet  above  sea 
level,  indicating  that  its  base  is  here  below  the  present  level  of  Oil 
Creek.  Apparently  Oil  Creek  formerly  had  a slightly  different  course 
at  the  above-mentioned  locality  because  Corry  sandstone  bedrock 
crops  out  between  the  thick  outwash  and  the  present  stream. 

An  early  ice  sheet,  the  pre-Illinoian,  appears  to  have  reached  the 
Allegheny  Valley  as  far  south  as  Kennerdell  and  in  places  to  have 
extended  beyond  the  Valley.  As  mapped  by  Leverett  the  southeastern 
terminus  of  this  ice  sheet  enters  the  Oil  City  quadrangle  south  of  the 
river  near  Reno,  crosses  the  river  in  the  vicinity  of  Siverl  v,  and  thence 
continues  northeasterly,  leaving  the  quadrangle  near  its  northeastern 
corner.  The  pre-Illinoian  deposits  are  more  deeply  weathered  than 
the  Illinoian  and  lie  50  or  more  feet  higher.  They  are,  however,  very 
scanty  in  western  Pennsylvania  and  have  not  been  mapped  in  detail 
in  this  quadrangle. 

SURFACE  STRATIGRAPHY 

. With  the  exception  of  the  unconsolidated  glacial  and  stream  de- 
posits, the  rocks  that  crop  out  in  this  quadrangle  belong  to  the  Penn- 
sylvanian and  Mississippian  systems.  The  total  thickness  of  these  ex- 
posed rocks  is  about  930  feet.  The  exact  age  and  correlation  of  some  of 
them,  especially  those  near  the  Pennsylvania-Mississippian  contact,  is 
still  considerably  in  doubt.  For  this  reason  no  complete  and  final 
classification  of  them  can  yet  be  made.  They  are  tentatively  classified 
as  follows : 

1 Doubt  has  recently  been  cast  on  the  Illinoian  age  of  the  pre-Wisconsin  moraines  in 
Pennsylvania,  which  may  mark  an  early  Wisconsin  advance. 
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Pennsylvanian  system 
Pittsburgh  series 

Allegheny  group 
Pottsville  series 
Mississippian  system 

Patton  formation 
Shenango  formation 
Cuyahoga  group 
Berea  group — Corry  sandstone 
Cussewago  group 

These  strata  will  be  described  briefly  in  the  order  in  which  they 
are  listed  above. 

PENNSYLVANIAN  SYSTEM 

Allegheny  Group 

The  Allegheny  group  extends  from  the  top  of  the  Upper  Freeport 
coal  to  the  base  of  the  Brookville  coal  or  its  underclay.  Exact  delim- 
itation of  this  group  in  the  Oil  City  and  adjoining  quadrangles  is 
difficult  because  several  coals  occur  in  its  lower  part  and  in  the  under- 
lying Pottsville  series,  and  the  Vanport  limestone,  the  principal  key 
horizon  in  this  part  of  the  section,  is  generally  missing.  In  the  adjoin- 
ing Foxburg  and  Clarion  quadrangles  Shaw  and  Munn  mapped  as 
Brookville  a thin  irregular  coal  lying  about  120  feet  below  the  Van- 
port  limestone.1  This  is  the  approximate  stratigraphic  position  of  the 
coal  accepted  by  Graeber  and  Foose  as  type  Brookville  coal  at  Brook- 
ville.2 Traced  across  the  Franklin  quadrangle,  however,  this  coal 
was  found  to  correlate  with  White’s  Upper  Mercer  coal  of  Mercer 
County,  while  a higher  coal,  the  Lower  Clarion  of  Shaw  and  Munn  and 
of  Graeber  and  Foose  correlates  with  the  Brookville  of  the  Beaver 
valley.3  Partly  because  of  the  stratigraphic  situation  briefly  out- 
lined above,  Dr.  Ashley  has  proposed  a complete  revision  of  the  Penn- 
sylvanian system  of  Pennsylvania.4  Under  this  suggested  reclassi- 
fication, the  Lower  Kittanning  coal  would  form  the  base  of  the  Alle- 
gheny group  and  of  the  Pittsburgh  series,  while  the  Lower  Clarion 
coal  or  its  underclay  would  form  the  base  of  the  Clarion  member  of 
the  Pottsville  series  and  the  base  of  the  Mercer  beds  would  form  the 
base  of  the  Clearfield  member  of  the  Pottsville.  This  reclassification  is 
better  adapted  to  the  actual  stratigraphic  conditions,  at  least  in  the 
Oil  City,  Franklin,  and  Hilliards  quadrangles.  Pending  its  final  ac- 
ceptance, however,  the  older  classification  in  which  the  Allegheny 

1 Shaw,  B.  W.  and  Munn,  M.  J.,  TJ.  S.  Geol.  Survey  Geol.  Atlas,  Foxburg-Clarion  folio 
(no.  178),  1911. 

2 Graeber,  C.  K.  and  Foose,  R.  M..  Geology  and  mineral  resources  of  the  Brookville 
Quadrangle:  Pennsylvania  Topog.  and  Geol.  Survey  Atlas  no.  54,  1942,  pp.  50-55. 

3 Sherill,  R.  E.  and  Matteson,  L.  S.  : op.  cit. , M 24,  p.  5. 

4 Ashley,  Geo.  H.,  unpublished  manuscript. 
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group  extends  downward  through  the  Lower  Clarion  (Brookville) 
coal  will  be  followed  in  this  report  and  the  base  of  the  group  will  be 
considered  to  lie  at  the  base  of  this  coal  or  its  underclay.  This  is  con- 
sistent with  the  Franklin  report  except  that,  in  that  report,  this  coal 
is  called  the  Brookville.  The  later  findings  of  Graeber  and  Foose 
that  the  Lower  Clarion  coal  at  Brookville  is  above  the  type  Brookville 
necessitates  dropping  the  name  Brookville  for  this  higher  coal. 

Throughout  the  northern  half  of  the  quadrangle  the  Allegheny 
group  has  been  entirely  removed  by  erosion  and  only  the  lower  part 
of  it  is  preserved  in  the  southern  part  of  the  area.  Where  present  it 
caps  the  higher  hills  and  attains  a maximum  thickness  of  about  200 
feet  in  the  high  hills  near  the  south-central  and  southeastern  boun- 
daries of  the  quadrangle.  It  is  composed  of  shale  and  sandstone  inter- 
bedded  with  coal,  clay,  and  limestone. 

The  Upper  and  Middle  Iiittanning  coals  were  not  identified  with 
certainty  in  this  quadrangle.  Thin  coals  and  clays  crop  out  at  110 
and  70  feet  above  the  Vanport  limestone  in  the  southern  part  of  the 
quadrangle  and  probably  mark  the  stratigraphic  positions  of  these 
coals.  They  have  not  been  mined  and  apparently  are  worthless. 

The  Lower  Kittanning  coal  generally  lies  about  35  feet  above  the 
Vanport  limestone  but  this  interval  ranges  from  20  to  50  feet.  Its 
outcrop  was  noted  at  numerous  places  in  the  southern  part  of  the 
quadrangle  and  locally,  as  southwest  of  Nineveh  and  one  mile  north 
of  Pitch  Pipe,  it  was  formerly  mined  on  a small  scale.  It  is  underlain 
by  5 or  more  feet  of  clay. 

The  Lower  Kittanning  sandstone.  The  interval  between  the  Lower 
Kittanning  clay  and  the  Vanport  limestone  consists  of  shale,  sandy 
shale,  and  sandstone.  Throughout  the  southwestern  part  of  the  quad- 
rangle and  locally  elsewhere,  coarse-grained,  massive,  gray  to  pink 
sandstone  occupies  all  except  a few  feet  of  this  interval. 

The  Vanport  limestone  is  a dark  gray,  fossiliferous  limestone  rang- 
ing up  to  15  feet  thick.  Resting  on  the  limestone  is  white  to  dull  red 
or  black  chert  ranging  up  to  4 feet  thick. 

This  limestone  is  present  only  within  the  southern  one-sixth 
of  the  quadrangle,  and  in  the  vicinity  of  Tenmile  Bottom  and  one- 
third  of  a mile  southwest  of  Ivapp  School.  Throughout  the  remainder 
of  the  southern  half  of  the  quadrangle  it  was  either  never  deposited 
or  was  removed  by  erosion  before  the  higher  strata  were  deposited. 
That  it  was  never  deposited  over  much  of  the  area  is  indicated  by 
the  fact  that  the  chert  overlying  it  extends  beyond  the  limits  of  the 
limestone.  Immediately  underlying  the  chert  in  these  localities  is 
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greenish-brown,  argillaceous  sandstone.  Additional  evidence  that  lo- 
cally the  limestone  was  never  deposited  is  given  by  Graeber  and  Foose.1 
In  addition  to  this  non-deposition,  however,  definite  evidence  exists 
in  the  southwestern  part  of  the  Oil  City  quadrangle  and  in  the  ad- 
joining Franklin  quadrangle  that  locally  the  Lower  Kittanning  sand- 
stone has  scoured  into  and  through  the  Yanport  limestone  or  its  hor- 
izon. 

The  Upper  Clarion  coal,  lying  about  20  feet  below  the  top  of  the 
Vanport  limestone  or  its  horizon,  is  generally  less  than  1 foot  thick. 
It  has  been  mined  on  a small  scale  2 miles  southwest  of  Nineveh. 

Where  the  Vanport  limestone  is  present  the  interval  between  it 
and  the  Upper  Clarion  coal  consists  principally  of  dark  shale.  Within 
this  shale  a coal  2 feet  thick  is  present  near  Criswell  School.  This  may 
be  the  Scrub  grass  coal.  In  the  areas  where  the  Yanport  limestone  is 
missing  the  Upper  Clarion  coal  is  also  generally  absent  and  the  Van- 
port-Upper  Clarion  interval  is  occupied  by  a shaly  to  massive,  coarse- 
grained sandstone.  Whether  this  is  the  Kittanning  sandstone  scouring 
downward  or  is  a separate,  older  sand  body  could  not  be  definitely 
determined. 

The  Lower  Clarion  coal  is  persistent  throughout  the  southern  part 
of  the  quadrangle.  It  lies  40  to  60  feet  below  the  Yanport  limestone 
or  its  horizon.  It  ranges  up  to  3 or  more  feet  thick  but  generally  has 
a Y2-  to  2-inch  binder  near  the  middle.  It  is  rarely  free  from  sulphur. 
It  has  been  mined  at  numerous  places  through  the  southern  part  of 
the  quadrangle  and  fairly  large  mines  are  now  operating  in  it  near 
Pitch  Pine,  Sawtown,  Maple  Shade,  Elmo  and  elsewhere.  It  is  eco- 
nomically the  most  important  of  the  surface  rocks. 

The  Lower  Clarion  coal  is  generally  overlain  by  15  or  more  feet  of 
dark  brown  shale  and  underlain  by  2 or  more  feet  of  clay.  One-fourth 
of  a mile  north  of  Tenmile  Bottom  this  clay  is  being  mined  on  a small 
scale  for  use  as  a refractory  clay  in  furnace  lining.  In  several  parts 
of  the  quadrangle,  as  in  the  vicinity  of  Centerville,  large  siderite  con- 
cretions occur  in  the  lower  part  of  this  underclay.  The  iron  ore 
formerly  worked  at  Seneca  was  approximately  at  this  horizon. 

Pottsville  Series 

The  Pottsville  series,  as  here  considered,  extends  from  the  base  of 
the  Lower  Clarion  (Brookville)  coal,  or  its  underclay,  to  the  top  of 
the  Mississippian  system.  As  thus  delimited  it  is  approximately  250 
feet  thick. 


1 Graeber,  C.  K.  and  Foose,  R.  M.,  op.  cit.  pp.  46-47. 
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The  upper  90  feet  of  the  strata  here  classed  as  Pottsville  consist 
principally  of  shale  and  shaly  sandstone  with  included  thin  lenses  of 
coal,  clay,  and  iron  ore.  These  beds  were  included  in  the  Allegheny 
formation  by  Shaw  and  Munn.1  They  comprise  the  Homewood  and 
Mercer  formations  of  the  Pottsville  series  as  described  in  the  reports 
on  the  Hilliards  and  Franklin  quadrangles,  and  as  followed  in  this 
report. 

The  lower  160  feet,  approximately,  of  the  Pottsville  consists  pre- 
dominately of  massive  medium-  to  coarse-grained  sandstones  with  in- 
cluded shale  and  coal  layers  or  lenses.  These  160  feet  of  strata  con- 
stitute the  entire  Pottsville  as  mapped  by  Shaw  and  Munn;  and,  in 
addition,  may  include  the  uppermost  part  of  their  Burgoon  formation. 
The  membei’s  or  formations  into  which  these  160  feet  of  strata  are  sub- 
divided are,  in  descending  order,  the  Upper  Connoquenessing, 
Quakertown,  Lower  Connoquenessing,  and  the  Sharon. 

Attempts  to  subdivide  the  Pottsville  of  this  quadrangle  into  forma- 
tions or  members,  which  could  be  recognized  in  isolated  outcrop  or 
could  be  traced  over  the  quadrangle  and  correlated  with  recognized 
stratigraphic  units,  met  with  only  limited  success.  The  predominance 
of  shale  and  thin  coals  in  the  upper  part  of  the  series  and  of  massive 
sandstones  in  its  lower  part  holds  true  throughout  the  quadrangle 
but  each  member  is  apparently  lenticular  and  lithologically  irregular. 

The  Homewood  is  the  uppermost  formation  of  the  Pottsville. 
Throughout  most  of  southwestern  Pennsylvania  it  consists  of  massive 
sandstone.  In  this  quadrangle  the  30  to  40  feet  of  strata  immediately 
underlying  the  Lower  Clarion  (Brookville)  underclay  generally  con- 
sists of  brown  to  greenish-gray  micaceous  sandy  shale.  This  is  thought 
to  be  the  Homewood. 

The  Mercer  formation , lying  between  the  Homewood  and  the  Upper 
Connoquenessing,  is  clearly  recognizable  throughout  the  southern 
half  of  the  quadrangle.  It  has  been  removed  by  erosion  from  all  ex- 
cept the  highest  hills  throughout  the  northern  half,  approximately,  of 
the  quadrangle.  It  is  50  to  60  feet  thick  and  consists  of  gray  to  black 
shale  with  included  thin  lenses  of  sandstone,  coal,  sandy  clay,  and 
siderite  concretions.  The  Mercer  coals  of  this  quadrangle  are  generally 
less  than  2 feet  thick  but  have  been  mined  on  a small  scale  at  numer- 
ous localities,  especially  in  the  southern  two-thirds  of  the  quadrangle. 
The  Mercer  limestones,  characteristic  of  this  formation  farther  west  in 
Pennsylvania,  are  apparently  absent  in  this  quadrangle.  Carbonized 
plant  remains  are  abundant  in  the  formation,  especially  in  some  of 
the  sandstones  and  sandy  clays. 

1 Shaw,  E.  W.  and  Munn,  M.  J.,  Geology  of  Foxburg  Quadrangle:  U.  S.  G.  S.  Bulletin 
454,  1911. 
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The  Tipper  Connoquenessing  sandstone  is  generally  25  to  40  feet 
thick  and  consists  of  medium-  to  coarse-grained  gray,  slabby  sand- 
stone. At  Kline  it  is  only  10  to  15  feet  thick.  It  is  generally  less  mas- 
sive than  the  Lower  Connoquenessing  but  caps  many  of  the  higher 
hills  in  the  northern  part  of  quadrangle. 

A formation  of  brown  to  black  shale  in  which  occur  thin  clay  and 
coal  beds  and  concretionary  siderite  layers  underlies  the  Upper  Con- 
noquenessing, but  is  generally  covered  by  sandstone  talus.  This  is 
thought  to  be  the  Quakertown  formation.  One-half  mile  north  of 
Kline,  where  it  is  fully  exposed,  it  is  30  feet  thick.  Iron  ore  from  it 
was  formerly  worked  one  mile  west  of  McPhersons  Corner  and  at  Hoag 
Hill  Church.  A feAV  attempts  have  been  made  in  the  northern  part 
of  the  quadrangle  to  mine  the  thin  coal. 

The  basal  100  feet,  approximately,  of  the  Pottsville  series  of  this 
quadrangle  consists  almost  entirely  of  sandstone.  These  strata  are 
thought  to  constitute  the  Lower  Connoquenessing  and,  probably,  the 
Sharon  formations.  Local  thin  coal  beds  and  shale  lenses  are  present 
in  this  sandstone  sequence,  especially  in  the  medial  and  lower  parts 
of  it,  but  none  of  them  persist  over  the  quadrangle. 

The  Lower  Connoquenessing  is  thought  to  be  represented  by  the 
upper  35  to  45  feet  of  the  above-mentioned  100-foot  interval.  It  con- 
sists of  very  massive,  coarse-grained,  white  to  light-grav,  coarsely 
cross-bedded  sandstone.  In  many  places  its  outcrop  is  “roek-citv”  in 
character,  with  boulders  of  it  10  to  15  or  more  feet  thickly  strewn  along 
the  hillsides  below.  It  can  be  traced  with  reasonable  certainty  over 
most  of  the  quadrangle.  It  has  been  quarried  at  a few  places  in  the 
quadrangle,  notably  2 miles  north  of  Clapp  Lease.  In  the  railroad  cut 
between  Van  and  Kline  it  is  40  feet  thick  and  lies  (top)  480  feet  above 
the  Corry  sandstone.  Half  a mile  southeast  of  Carl  only  the  lower  14 
feet  of  it  is  massive.  Its  base  here  lies  420  feet  above  the  Corry  sand- 
stone. In  the  quarry  north  of  Clapp  Lease  it  is  38  feet  thick  and  lies 
(top)  480  feet  above  the  Corry  sandstone.  Eight  miles  north  of  this 
quarry  (in  the  Titusville  quadrangle  3 V2  miles  south  of  Pleasantville) 
this  sandstone  is  also  38  feet  thick  in  a well-developed  “rock  city”  but 
lies  (top)  only  380  feet  above  the  Corry.  This  rapid  decrease  of  inter- 
val indicates  that  in  the  northernmost  part  of  the  Oil  City  quadrangle 
begins  an  accentuated  cutting  out  by  pre-Pottsville  erosion  of  the 
upper  part  of  the  Mississippian  strata. 

Immediately  below  the  Lower  Connoquenessing  sandstone  lie  35  to 
60  feet  of  comparatively  weak,  thin-bedded  to  massive,  gray,  pink  and 
brown,  micaceous,  medium-grained  sandstone  with  included  thin  shale 
and  coal  lenses.  These  beds  are  thought  to  occupy  the  stratigraphic 
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horizon  of  the  Sharon.1  Upon  weathering,  this  sandstone  breaks  into 
blocks  up  to  a foot  thick,  giving  a characteristic  talus  of  varicolored 
boulders  along  its  outcrop.  This  part  of  the  section  is  seldom  cleanly 
exposed.  The  two  best  exposures  are  along  East  Sandy  Creek  in  the 
southern  part  of  the  quadrangle.  The  western  of  these  two  is  a recent 
road-cut  one-third  of  a mile  north  of  Emlenton  Spur.  The  section  here 
exposed  is  as  follows  : 

Feet 

6 covered  by  sandstone  talus 

3 clay,  dark  and  coaly  at  top 

2 shale,  dark  gray,  fissile 

1 coal 

2 clay 

7 sandstone,  medium-grained,  massive 

3 covered 

% coal 

3  clay-shale,  purplish-gray,  fossil  leaf  remains 

7 sandstone,  medium-  to  coarse-grained,  fairly  massive  in  1-  to  2-foot 
layers,  bits  of  coal  imbedded  within  it. 

3 shale,  sandy,  light  bluish  gray 

13  sandstone,  fine-grained,  micaceous  light-gray ; limonite  concretions 
and  clay-balls  within  it,  especially  near  top. 

The  base  of  the  section  given  above  lies  about  370  feet  above  the 
Corry  sandstone  and  about  300  feet  below  the  Yanport  limestone,  and 
is  thought  to  be  the  approximate  base  of  the  Pottsville  series. 

Four  miles  east  of  the  above  section,  in  the  railroad  cut  at  Yan,  and 
in  the  same  approximate  stratigraphic  position  above  the  Corry  and 
below  the  Vanport,  20  feet  of  cleanly-exposed  sandstone  is  overlain 
by  about  20  feet  of  dark  bluish-gray  slightly  sandy  shale,  but  further 
east  along  the  railroad  between  Yan  and  Kline  no  shale  break  appar- 
ently occurs  within  the  basal  94  feet  of  the  beds  here  classed  as  Potts- 
ville. The  sandstone  becomes  more  massive  upward  and  apparently 
grades  into  the  very  massive  lower  Connoquenessing. 

PENNSYLVANIAN-MISSISSIPPIAN  UNCONFORMITY 

The  Pottsville  series  rests  uncomformably  upon  the  Mississippian 
system.  This  regional  uncomformity  is  a dominant  feature  of  the 
stratigraphic  column  throughout  western  Pennsylvania.  The  rocks 
below  the  unconformity  were  tilted  southward,  probaly  folded  slightly, 
and  truncated  by  erosion  before  the  Pottsville  series  was  deposited. 
A major  result  of  this  unconformity  is  that  beds  in  actual  contact  are 
different  in  different  sections.  In  general,  the  uppermost  Mississippian 
beds  in  the  southern  part  of  the  quadrangle  are  probably  missing  by 
erosion  in  the  northern  part. 

1 Considerable  doubt  exists  regarding  the  age  of  these  beds.  Either  they  are  the 
basal  beds  of  the  Pottsville  series  or  they  belong  in  the  lower  part  of  the  Burgoon  sand- 
stone of  the  Mississippian.  This  problem  cannot  be  definitely  solved  until  study  of 
fossils,  especially  plant  remains,  within  them  has  been  made  and  until  more  positive 
tracing  of  them  into  other  parts  of  Pennsylvania,  especially  Into  the  Kittanning  quad- 
rangle, has  been  done. 
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Sandstone  talus  covers  the  Pottsville-Mississippian  contact  at  most 
places  where  it  would  otherwise  crop  out.  Although  the  actual  con- 
tact can  be  observed  at  very  few  places  in  the  quadrangle,  its  approx- 
imate position  can  be  ascertained  at  numerous  localities  by  comparing 
the  vertical  position  of  the  lowest  Pottsville-lithology  sandstone  in 
place  with  the  highest  near-by  bluish-gray  or  red  clay  shale  of  Miss- 
issippian  Patton  lithology.  Springs  commonly  issue  at  the  contact 
but,  of  course,  this  alone  is  not  a reliable  guide.  In  the  northern  part 
of  the  quadrangle  the  massive  sandstone  in  the  basal  portion  of  the 
Pottsville  generally  becomes  finer  grained  and  lighter  colored  down- 
ward and  at  its  contact  with  the  weak  Mississippian  clay  shale  is  white 
and  fine  grained.  In  the  railroad  cut  at  Yan  this  contact  is  well  ex- 
posed. Here  the  20  feet  of  fairly  massive  but  poorly  bedded  light  gray, 
brown,  and  pink  basal  Sharon  sandstone  mentioned  above  rests  on  24 
feet  of  dark  bluish-gray  clay  to  slightly  sandy  shale  of  probable  Miss- 
issippian age.  No  more  evidence  of  erosion  is  seen  at  this  exposure 
than  occurs  at  most  sandstone-shale  contacts. 

The  evidence  available  indicates  that  the  surface  upon  which  the 
Pottsville  was  deposited  was  fairly  level  in  this  quadrangle  and  that 
it  ranged  from  about  360  feet  to  about  380  feet  above  the  Corry  in 
the  southern  part  of  the  quadrangle  to  about  310  to  340  feet  above 
the  Corry  in  the  northern  part.  A low  north-facing  pre-Pennsylvanian 
escarpment  may  have  been  present  in  the  northeastern  part  of  the 
quadrangle  as  indicated  by  the  more  rapid  decrease  there  of  the  inter- 
val from  the  Corry  sandstone  to  the  base  of  the  Pottsville.  One  mile 
north  of  the  quadrangle  boundary  (5 Vc  miles  south  of  Pleasantville) 
this  interval  is  only  about  280  feet.  Fourteen  miles  farther  to  the 
northeast,  at  Tidioute,  this  interval  is  about  180  feet. 

MISSISSIPPIAN  SYSTEM 

The  Mississippian  system  in  this  quadrangle  is  considered  to  extend 
from  the  base  of  the  Pottsville  series  down  to  the  top  of  a persistent 
reddish-brown  shale  member  that  lies  about  100  feet  below  the  Corry 
sandstone  and  100  feet  above  the  First  oil  sand.  As  thus  defined  the 
Mississippian  ranges  in  thickness  from  about  440  feet  in  the  northern 
part  of  the  quadrangle  to  480  or  500  feet  in  the  southern  part. 

The  uppermost  50  or  more  feet  of  the  Mississippian  strata  are  gen- 
erally covered  with  sandstone  talus  from  the  Pottsville.  Numerous 
excellent  exposures  of  approximately  400  feet  of  strata  lying  imme- 
diately below  this  covered  section  occur  in  the  valleys  of  the  Allegheny 
River  and  its  tributaries  in  the  northern  part  of  the  quadrangle  and 
along  East  Sandy  Creek  in  the  southern  part.  The  lower  30  feet  of 
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the  Mississippian  rocks  lie  below  drainage  level  and  are  known  only 
from  well  records  and  from  exposures  outside  the  quadrangle. 

The  classification  of  the  Mississippian  strata  of  Pennsylvania  and 
the  correlation  of  the  various  subdivisions  are  only  partly  completed. 
In  central,  southern,  and  northeastern  Pennsylvania  the  system  has 
long  been  considered  to  consist  of  two  major  subdivisions- — the  Mauch 
Chunk  red  shale  series  above  and  the  Pocono  sandstone  series  below — 
separated,  at  least  along  the  Allegheny  Front  and  in  the  southern  part 
of  the  State,  by  a sandy  limestone,  the  Loyalhanna.  Numerous  sub- 
divisions of  the  Mauch  Chunk  and  Pocono  have  been  recognized  and 
correlated  over  limited  distances.  In  terms  of  the  standard  Mississip- 
pian section  of  the  upper  Mississippi  Valley  the  Mauch  Chunk  is  con- 
sidered to  be  of  Chester  (upper  Mississippian)  age  and  the  Loyal- 
hanna of  Ste.  Genevieve  age.  The  term  “Pocono”  has  been  applied 
to  diverse  parts  of  the  stratigraphic  section  and  its  age  much  dis- 
cussed.1 

In  the  Oil  City  quadrangle,  as  in  all  of  northwestern  Pennsylvania, 
the  Mauch  Chunk  and  the  upper  part  of  the  Pocono  have  long  been 
considered  to  be  absent.  Their  apparent  absence  is  explained  by  their 
removal  during  pre-Pottsville  erosion.  Most  of  the  Mississippian  rocks 
of  this  quadrangle  were  deposited  during  the  approximate  time  repre- 
sented by  the  Pocono  group  of  Shaw  and  Munn  2 but  the  correlation 
is  not  exact.  The  general  uncertainty  of  meaning  in  the  use  of  the 
terms  Mauch  'Chunk  and  “Pocono,”  indicate  that  it  is  best,  for  the 
present,  at  least  not  to  include  these  series  designations  in  the  classi- 
fication of  the  rocks  here. 

The  Mississippian  strata  of  this  quadrangle  are  classified,  in  de- 
scending order,  into  Patton  formation,  Shenango  formation,  Cuyahoga 
group,  Berea  group  (including  Corry  sandstone)  and  the  Cussewago 
group. 

Patton  Formation 

The  highest  strata  of  definite  Mississippian  age  in  this  quadrangle 
consist  of  light  bluish-gray  clay  shale  with  included  layers  or  lenses 
of  poorly  bedded  soft  red  and  green  shale  and  of  fine-  to  medium- 
grained greenish  gray  argillaceous  sandstone.  These  beds  are  not 
resistant  to  weathering  and  good  exposures  of  them  are  rare.  In  the 
western  part  of  the  quadrangle,  along  East  Sandy  Creek  and  at 
Monarch  Park,  they  are  about  60  to  70  feet  thick  and  occupy  the  in- 
terval extending  from  the  top  massive  sandstone  of  the  Shenango 
(about  300  feet  above  the  Corry  sandstone)  to  the  base  of  the  Potts- 

1 Wilmarth,  Grace  M.,  Lexicon  of  geologic  names  of  the  United  States:  U.  S.  Geol 
Survey  Bull.  896,  plate  1,  pp.  1687-89,  1938,  and  the  references  there  given. 

2 Shaw,  E.  W.  and  Munn,  M.  J.  ; op.  cit. 
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ville.  No  red  shale  was  detected  in  them  in  this  part  of  the  quadrangle 
either  on  outcrop  or  in  well  records.  Along  the  Allegheny  River,  in 
the  central  and  eastern  parts  of  the  quadrangle,  strata  of  the  char- 
acter described  above  range  in  thickness  up  to  70  feet  or  more.  They 
there  occupy  the  interval  extending  from  about  260  feet  above  the 
Corry  sandstone  up  to  the  Pottsville,  and,  although  consisting  pre- 
dominantly of  bluish-gray  or  green  clay  to  sandy  shale  and  poorly 
bedded,  fine-grained  greenish  sandstone,  they  contain  at  least  two 
thin  layers  of  red  shale. 

Some  of  these  rocks  are  of  continental  origin.  The  red  and  green 
color  of  some  of  shales  and  sandstones  and  their  gnarly,  poorly  bedded 
structure  bespeak  this  continental  environment.  Occasional  marine 
fossils  within  the  section  indicate  that  the  deposits  were  sufficiently 
close  to  shore  that  the  site  was  intermittently  flooded  from  the  sea. 
Probably  they  are  flood  plain  deposits.1 

Shenango  Formation 

The  Shenango  formation  immediately  underlies  the  Patton  forma- 
tion and  extends  from  it  down  to  about  140  feet  above  the  Corry  sand- 
stone. The  rocks  of  this  formation  are  discussed  under  the  name 
“ Shenango-Burgoon  (?)  group”  in  the  Franklin  report. 

Three  prominent  sandstones  and  two  intervening  sandy  shales  were 
recognized  as  constituting  this  formation  in  the  Franklin  quadrangle. 
All  these  members  persist  into  the  western  part  of  the  Oil  City  quad- 
rangle. For  convenience,  the  three  sandstones  are  here  designated,  in 
descending  order,  the  “C”  or  “Carl”  sandstone,  the  medial  or  “B” 
sandstone,  and  the  lower  or  “A”  sandstones  of  the  Shenango  forma- 
tion. 

The  upper  or  “C”  sandstone  member  of  this  formation  was  recog- 
nized as  a distinct  stratigraphic  unit  in  the  Franklin  quadrangle  2 
where  it  is  30  to  50  feet  thick  and  lies  (top)  about  300  feet  above  the 
Corry  sandstone.  It  is  there  massive  except  in  the  lower  part,  which 
is  highly  cross-bedded.  In  the  railroad  cut  at  Raymilton  its  lower  por- 
tion is  intricately  cross-bedded  and  in  this  respect  closely  resembles 
the  Loyalhanna  sandy  limestone  of  the  Allegheny  Front.  In  the 
western  part  of  the  Oil  City  quadrangle  it  is  massive  and  well-exposed 
at  Monarch  Park  and  along  the  New  York  Central  Railroad  up  East 
Sandy  Creek  to  Wrights  Siding.  Eastward  from  Wrights  Siding  it 

1 The  red  Patton  shale,  named  from  Patton  station  in  the  Brookville  quadrangle,  is 
generally  considered  a very  useful  and  reliable  subsurface  key  bed  in  southwestern 
Pennsylvania.  It  is  significant,  therefore,  that  the  surface  work  in  the  Franklin  and 
Oil  City  quadrangles  indicates  that  the  red  shales  of  this  formation  are  only  lenses  in  a 
general  continental  formation  which  transgresses  irregularly  downward  to  the  east. 
A general  study  of  this  formation  throughout  its  extent  in  Pennsylvania  and  of  the 
rocks  lying  immediately  above  and  below  it  is  in  progress. 

1 Sherrill,  R.  E.  and  Matteson,  L.  S.,  op.  cit. 
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continues  above  drainage  level  but  below  track  level  to  the  vicinity 
of  Van  but  is  poorly  exposed.  The  best  development  of  it  seen  is  in 
the  southwestern  part  of  this  quadrangle  at  Carl.  At  this  outcrop  it 
is  51  feet  thick  and  extends  from  25  to  76  feet  above  track  level.  The 
basal  6 feet  of  it  here  are  yellowish-gray,  coarse-grained,  very  massive 
sandstone,  with  many  lenticular  clay  nodules  included.  It  is  here 
apparently  disconformable  with  the  underlying  shale.  The  upper  45 
feet  of  it  at  this  outcrop  are  gray  to  greenish-gray  and  golden-brown, 
medium-  to  coarse-grained  sandstone  with  local  cross-bedding.  Along 
the  Allegheny  River  in  the  northern  part  of  this  quadrangle  this  sand- 
stone becomes  progressively  less  massive,  more  shaly  and  more  poorly 
bedded  eastward  across  the  quadrangle.  Red  and  green  shale  and 
sandstone  invade  the  horizon  of  the  upper  part  of  this  sandstone  at 
Oil  City  and  eastward  along  the  river.  At  Smoky  Hill,  21/o  miles  east 
of  the  quadrangle,  these  continental  red  and  green  beds  are  promi- 
nently developed  throughout  this  sandstone. 

The  uncertainty  regarding  the  exact  correlation  of  this  C sandstone 
with  named  stratigraphic  units  elsewhere  indicates  that  a new  name 
for  it  is  desirable.  It  is  suggested  that  it  be  called  the  “Carl”  sand 
from  its  excellent  exposure  at  that  locality.  Its  age,  as  indicated  by  its 
stratigraphic  position  with  respect  to  the  shales  discussed  below,  is 
thought  to  be  Middle  Meramec  or  younger.  A widespread  discon- 
formity  may  separate  it  from  these  shales  but  this  has  not  been  def- 
initely established.  If  such  a diseonformity  exists,  this  Carl  member 
probably  should  not  be  included  with  the  underlying  beds  in  the 
Shenango  formation  and  may  be  more  closely  related  in  origin  to  the 
Patton  formation  above.  It  is,  however,  lithologically  very  similar 
to  the  other,  especially  the  B,  Shenango  sandstones.  As  suggested  by 
its  probable  Meramec  or  younger  age,  its  local  intricate  cross-bedding 
and  its  position  below  partly  red,  continental-type  shales,  it  may  be  the 
Loyalhanna  horizon;  but  such  a conclusion  would  seem  to  require 
major  changes  in  our  concepts  of  medial  Mississippian  stratigraphy  in 
south-central  Pennsylvania,  and  must  await  further  work  on  this  sand- 
stone and  the  overlying  Patton  formation. 

The  shale  lying  between  the  Carl  sandstone  and  the  medial  or  B 
sandstone  of  the  Shenango  formation  averages  about  20  feet  in  thick- 
ness. It  consists  of  interbedded  soft,  bluish-gray  clay  shales  and 
gnarly,  bluish-gray  to  olive-green,  thin-bedded  sandy  shale  or  sand- 
stone. According  to  Busch,1  who  studied  the  paleontology  of  this  in- 
terval, two  general  faunal  zones  occur  within  this  shale.  The  lower  of 
these  zones  ranges  from  1 to  2 feet  in  thickness  and  occurs  2 feet  above 


1 Busch,  Daniel  A.,  personal  communication.  See  also  Appendix  C,  Paleontology. 
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the  base  of  the  shale.  Lithologically  this  zone  is  gnarly  to  even-bedded 
sandstone  impregnated  with  concretionary  iron  ore.  The  fossils  are 
generally  in  the  ore.  The  upper  fossil  zone  ranges  from  1 to  3 feet 
below  the  top  of  the  shale  and  averages  3 inches  in  thickness.  The 
fossils  of  this  zone  generally  underlie  a thin  concretionary  iron  ore. 

This  general  shale  member  has  been  established  by  interval  to  the 
Corry  as  previously  contoured  and  independently  by  Busch  through 
lithologic  and  faunal  evidence  at  numerous  localities  along  East  Sandy 
Creek,  along  Highway  No.  62  in  the  northern  part  of  the  quadrangle, 
in  the  Smoky  Hill  section  south  of  Tionesta,  and  in  the  Franklin 
quadrangle,  one-third  mile  northeast  of  Bully  Hill  and  l1/?  miles  north 
of  Raymilton.  Busch  concludes  from  his  paleontologic  study  of  this 
shale  (See  Appendix  C)  that  Spergen  (Middle  Meramec)  is  the  ear- 
liest age  that  can  be  assigned  to  these  beds,  and  that  their  probable 
age  is  somewhere  between  Middle  Meramec  and  Middle  Chester. 

The  medial  or  B sandstone  member  of  the  Shenango  formation  was 
recognized  as  a separate  stratigraphic  unit  in  the  Franklin  quad- 
rangle, where  it  is  10  to  20  feet  thick  and  lies  (top)  about  250  feet 
above  the  Corry  sandstone.1  It  is  thought  to  be  the  Shenango  sand- 
stone of  White’s  Grass  Run  section  2 in  Crawford  County.  In  the  Oil 
City  quadrangle  this  sandstone  thickens,  at  the  expense  of  the  under- 
lying shale,  and  constitutes  the  most  massive  and  economically  the 
most  important  Mississippian  stratum  of  the  quadrangle.  It  attains 
its  maximum  development  in  the  northern  part  of  the  Oil  City  quad- 
rangle in  a general  belt  lying  between  a line  from  Plumer  to  the 
southeastern  part  of  Oil  City  and  a line  from  Rockmere  to  Muskrat 
Run.  Within  this  belt  it  is  60  to  65  feet  thick  and  occupies  the  inter- 
val between  230  and  165  feet  above  the  Corry  sandstone.  Comparison 
of  this  interval  with  that  of  the  Franklin  quadrangle  indicates  that 
this  65-foot  sandstone  has  been  developed  largely,  if  not  entirely,  by 
eastward  “sanding-up”  of  the  shale  lying  between  the  medial  and 
lower  sand  members  of  the  Franklin  quadrangle.  Within  the  above- 
mentioned  belt  of  thickest  B sandstone,  the  upper  12  feet,  approx- 
imately, of  the  member  is  generally  medium-grained  flaggy  yellow- 
brown  sandstone.  Below  this  flaggy  phase  occurs  about  30  feet  of 
very  massive,  medium-  to  coarse-grained  sandstone.  The  lower  part 
of  this  massive  phase  is  generally  intricately  cross-bedded  in  a manner 
very  similar  to  that  of  the  Loyalhanna  of  southwestern  Pennsylvania.3 

1 Sherrill,  R.  E.  and  Matteson,  L.  S.,  op.  cit.,  p.  12. 

2 White,  I.  C.,  op.  cit.,  p.  126. 

3 It  is  noteworthy  that  in  the  western  part  of  the  Franklin  quadrangle,  as  in  the  rail- 
road cut  one-third  mile  northeast  of  Raymilton,  similar  cross-bedding  occurs  in  the 
massive  upper  C or  Carl  sandstone  as  mentioned  in  the  description  of  that  sandstone. 
It  is  there  about  280  feet  above  the  Corry  and  above  the  fossil  shale  zone  mentioned 
earlier  in  this  report.  In  the  Oil  City  quadrangle  it  is  best  observed  in  the  Ramage 
quarry,  half  a mile  north  of  Rockmere,  where  it  is  about  190  feet  above  the  Corry  and 
is  below  the  fossil  shale  zone. 
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The  lower  25  feet  approximately  is  even-bedded,  flaggy  to  massive, 
medium-grained  golden-brown  sandstone.  Southeast  of  the  above- 
mentioned  belt  in  which  the  B sandstone  member  is  about  65  feet 
thick  a medial  brown  shale  subdivides  the  member  into  an  upper  and 
lower  sandstone.  Each  of  these  sandstones  is  about  20  feet  thick. 
The  lower  of  the  two  lying  (top)  about  190  feet  above  the  Corry,  and 
the  lower  part  of  the  65-foot  sand  in  the  belt  of  maximum  thickness, 
have  been  extensively  quarried  along  the  Allegheny  River  above  Oil 
City.  In  the  valley  of  East  Sandy  Creek  in  the  southern  part  of  the 
quadrangle  this  B sandstone  member  is  well  exposed  along  the  New 
York  Central  railroad  eastward  to  the  mouth  of  Pine  Run.  It  is  28 
to  31  feet  thick  in  this  area  and  is  massive  except  in  the  upper  10  feet 
which  is  thin-bedded.  At  the  mouth  of  Pryor  Run  it  has  prominent 
east-  and  west-dipping  foresets.  A fossil  zone,  characterized  by  two 
new  species  of  Orbieuloidea,  was  noted  by  Busch  6 feet  below  the  top 
of  tliis  member  in  a recent  road  cut  1 mile  south  of  Oil  City. 

The  lower  or  A sandstone  of  the  Shenango  formation  is  generally 
about  20  feet  thick  and  lies  (base)  130  to  150  feet  above  the  Corry 
sandstone.  It  is  greenish-  or  yellowish-gray  and  medium-  to  coarse- 
grained or  pebbly.  Neither  the  top  nor  the  bottom  of  this  member 
is  well-defined,  but  generally  a thin  pebble  bed  occurs  at  the  top  and 
a brown  sandy  shale  marks  the  bottom.  Flagstones  occur  at  several 
horizons  in  the  underlying  Cuyahoga,  however ; and,  except  locally, 
these  can  be  distinguished  only  by  interval  to  the  Corry  from  this  A 
member  where  the  latter  is  flaggy.  At  no  place,  however,  have  truly 
massive  sandstones  of  Shenango  lithology  been  observed  nearer  than 
130  feet  to  the  Corry,  except  at  Smoky  Hill  where  the  apparent  in- 
terval is  120  feet.  This  A sandstone  member  marks  the  bottom  of 
the  Shenango  formation  of  this  and  of  the  Franklin  quadrangles.  It 
is  the  Shenango  sandstone  of  the  Tidioute  report.1 

Cuyahoga  Group 

The  Cuyahoga  group  includes  the  strata  between  the  basal  A mem- 
ber of  the  Shenango  formation  and  the  Corry  sandstone.  It  is  approx- 
imately 140  feet  thick  and  consists  of  alternating  beds  of  shale  and 
sandstone.  It  crops  out  along  the  Allegheny  River  and  its  tributaries 
in  the  northern  part  of  the  quadrangle. 

Fine-grained  yellowish-  to  greenish-brown  sandstones  predom- 
inate in  the  upper  half  or  more  of  this  group.  Interbedded  with  these 
sandstones  are  dark  bluish-gray  to  brown  sandy  shales.  Although 
locally  continuous  and  sharply  defined,  the  individual  members  can 


i Cathcart,  S.  H.,  Sherrill,  R.  E.  and  Matteson,  L.  S.,  op.  cit.,  p.  3. 
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be  identified  in  isolated  outcrops  only  by  intervals  to  other  horizons. 
Both  lateral  and  vertical  gradations  occur  between  the  sandy  shales 
and  argillaceous  sandstones. 

Gray  to  brown  shale  predominates  in  the  lower  half,  approximately, 
of  the  group.  These  shales  are  generally  sandy.  Fine-grained,  yellow- 
ish- to  greenish-gray  flaggy  sandstones  and  siltstones  up  to  ten  feet 
occur  through  this  part  of  the  section.  Locally  these  sandstones,  and 
less  frequently  the  shales,  are  highly  calcareous  and  grade  laterally 
into  layers  of  siliceous  or  argillaceous  limestone. 

In  general,  the  Cuyahoga  group  of  this  quadrangle  is  more  sandy 
and  contains  sandstone  layers  5 to  10  feet  thick  lower  in  it  than  in 
the  Franklin  quadrangle  and  it  apparently  becomes  increasingly 
sandy  eastward  across  the  quadrangle.  A remarkably  persistent  and. 
uniform  bed  of  hard,  coarse-grained,  gray  sandstone  occurs  22  feet 
above  the  base  of  the  Cuyahoga  throughout  the  northern  part,  at  least, 
of  the  quadrangle.  This  sandstone  is  very  different  from  any  other 
stratum  seen  in  this  part  of  the  section  in  the  coarseness  of  its  texture 
and  in  the  fact  that  it  is  generally  pebbly,  especially  near  its  base. 
It  is  only  % to  1 foot  thick  yet  is  apparently  continuously  present 
down  Oil  Creek  from  the  northern  edge  of  the  quadrangle  to  Oil  City, 
thence  eastward  up  the  Allegheny  to  the  eastern  edge  of  the  quad- 
rangle. At  McCalmont  School,  near  the  eastern  edge  of  the  quadrangle, 
it  is  directly  underlain  by  2 feet  of  similar  coarse  sandstone  and  4^2 
miles  eastward  in  the  spillway  of  the  Tionesta  Dam  it  is  underlain  by 
15  feet  of  very  massive,  coarse-grained  pebbly  sandstone  with  uniform 
30 °E -dipping  foresets. 

The  Cuyahoga-Corry  contact  is  not  sharply  defined  in  this  quad- 
rangle and  it  is  entirely  possible  that  some  of  the  beds  here  included 
in  the  Cuyahoga  properly  belong  in  the  Berea  group.  This  may  be 
true,  for  example,  of  the  coarse-grained  sandstone  described  above. 
For  the  purposes  of  this  report  the  contact  was  drawn  at  the  top  of 
the  20-foot  massive  typical  Corry  as  described  below.  In  doing  tins 
it  was  generally  found  necessary  to  take  into  consideration  all  the 
beds  occurring  in  the  lower  25  feet  of  the  Cuyahoga.  These  basal 
Cuyahoga  beds  are  summarized  in  descending  order,  below : 

Feet 

5 sandstone,  argillaceous,  slabby,  dark  green  to  greenish  gray 

6 shale,  dark  bluish-gray 

1 sandstone,  coarse-grained,  hard,  mottled  gray  and  yellow,  generally 
pebbly  at  base 

6 shale,  bluish-gray,  evenly-bedded 

4 sandstone,  fine-grained,  shaly,  nodular,  characterized  by  irregular 
waviness  of  bedding 
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8 interbedded,  light  brown  to  bluish-gray  sandy  shale  and  fine-  to 
medium-grained  light  yellow  to  greenish-gray  fairly-massive  sand- 
stone. The  sandstones  very  similar  to  typical  Corry  but  slightly 
darker  and  more  shaly. 

5 shale,  weak  clay  shale  generally  weathering  back  so  that  overlying 
sandstone  forms  overhanging  cliff.  Marks  base  of  Cuyahoga  and  top 
of  Corry. 

Berea  Group — Corry  Sandstone 

The  Corry  sandstone  is  the  most  continuous  and  the  most  uniform, 
both  in  lithology  and  in  thickness,  of  any  of  the  surface  or  near-surface 
rocks  of  this  quadrangle,  with  the  possible  exception  of  the  1-foot 
coarse  sandstone  lying  22  feet  above  it.  As  pointed  out  in  the  Tidioute 
report,1  the  Corry  of  northwestern  Pennsylvania  is  about  20  feet 
thick  and  is  typically  a threefold  unit  consisting  of  two  sandstones 
separated  by  shale.  In  the  Oil  City  quadrangle  shale  breaks  were 
noted  in  the  Corry  at  several  localities  but  a separation  of  it  into  three 
distinct  and  persistent  units  was  not  recognized.  As  generally  de- 
veloped in  this  quadrangle  it  consists  of  a massive  upper  and  a less- 
massive  lower  sandstone  member.  The  upper  member  is  12  to  14  feet 
thick  and  consists  of  fine-  to  medium-grained,  white  to  light  yellow, 
clean,  hard  sandstone.  The  individual  layers  composing  it  are  gen- 
erally 1 to  2 feet  thick  but  lens  in  and  out  within  distances  of  about 
1,000  feet.  It  weathers  into  2-  or  3-inch  slabs  and  is  golden-yellow  in 
color  on  the  weathered  surface.  The  lower  member  is  8 to  10  feet 
thick  and  similar  to  the  upper  except  that  it  is  thinner-bedded  and 
contains  many  thin  dark-gray  sandy  shale  layers.  Furthermore,  this 
lower  member  is  generally  calcareous  at  the  top  and  very  calcareous  in 
the  bottom  1 to  2 feet.  The  base  of  the  Corry  is  well-defined  by  this 
highly-calcareous  sandstone  resting  on  the  dark  bluish-gray,  iron- 
rich  fissile  shale  at  the  top  of  the  Cussewago. 

The  Corry  crops  out  in  the  lower  parts  of  the  valleys  of  the  Alle- 
gheny River  and  Oil  Creek  throughout  their  distance  across  the  quad- 
rangle, and  up  their  tributaries  IV2  miles  or  less.  It  crops  out  prom- 
inently and  continuously  for  about  1 mile  at  and  a few  feet  above 
road  level  in  the  cliff  of  Oil  Creek  valley  west  of  Oil  City. 

Because  of  its  persistence  and  uniformity  this  is  the  best  key  bed 
in  the  quadrangle,  and  is  the  bed  to  which  all  other  stratigraphic 
data  were  referred  for  contouring  the  structure.  Although  not  listed 
in  most  of  the  well  logs,  it  is  recorded  enough  to  follow  its  position 
over  most  of  the  area.  It  is  readily  located  in  the  electric  logs.  AYhere 
listed  in  the  well  records  it  is  commonly  called  the  “Mountain”  sand. 


1 Cathcart,  S.  H.,  Sherrill,  R.  E.  and  Matteson,  L.  S.,  op.  cit.,  p.  3. 
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Caster  1 studied  the  fauna  of  the  Corry  sandstone  and  concluded 
that  it  is  early  Mississippian  in  age  and  correlative  with  Upper  true 
Berea  sandstone  of  Ohio.  Busch  2 has  compared  Caster’s  faunal  list 
of  the  Corry  with  the  faunal  lists  of  the  standard  Mississippi  Valley 
section  and  concludes  that  the  Corry  is  Kinderliook  (early  Mississip- 
pian) in  age. 


Cussewago  Group 

The  Cussewago  group  is  considered  to  extend  from  the  base  of  the 
Corry  sandstone  to  the  top  of  the  “red  rock”  which  lies  above  the 
First  Sand  formation.  The  Cussewago  is  thought  to  be  the  basal  group 
of  the  Mississippian  system.  It  consists  of  80  to  90  feet  of  alternating 
dark  gray  shale,  dark  gray  sandy  shale,  and  fine-grained  white  sand- 
stone which  is  locally  calcareous. 

The  upper  one-third,  approximately,  of  the  group  is  well  exposed 
at  several  places  along  Oil  Creek,  especially  north  of  Rouseville,  and 
along  the  Allegheny  River  eastward  from  Walnut  Bend.  The  medial 
one-third  is  exposed  along  the  Allegheny  at  Baum  and  eastward.  The 
lower  one-third,  approximately,  of  the  group  lies  at  or  below  drain- 
age level.  These  lower  rocks  are  known  only  from  well  records  and 
samples  and  from  outcrops  in  other  quadrangles,  especially  to  the 
east  and  north  of  the  Oil  City  quadrangle. 

SUBSURFACE  STRATIGRAPHY 

Approximately  4,500  feet  of  strata  below  the  Corry  sandstone  have 
been  penetrated  by  the  drill  in  the  Oil  City  quadrangle  in  search 
for  oil  or  gas.  The  records  of  2,900  wells,  including  40  or  50  wells 
which  were  cored,  provide  information  on  the  Venango  group  and 
shallower  beds.  The  records  of  about  800  wells  drilled  to  the  Speech- 
ley  sand  and  about  50  drilled  to  the  Tiona  sand,  1,500  feet  below  the 
Corry,  provide  information  on  the  deeper  strata.  The  drill  cuttings 
of  three  Speechley  wells  were  made  available  to  the  Survey.  Descrip- 
tions of  one  of  these  sets  of  samples  by  Dr.  Charles  R.  Fettke  and 
of  two  others  by  James  H.  De  Long,  Jr.,  are  included  as  Appendix 
A.  One  well  in  the  southwest  corner  of  the  quadrangle  (346,  Plate  II) 
was  drilled  through  the  horizon  of  the  Oriskany  sand,  here  about 
4,400  feet  below  the  Corry  sandstone,  to  a total  depth  of  5,055  feet. 
Samples  were  available  for  examination  only  from  a depth  of  4,112 
feet  down.  A description  of  these  samples  by  Dr.  Fettke  is  given  as 
Appendix  B. 

1 Caster,  Kenneth  E.,  Stratigraphy  and  paleontology  of  northwestern  Pennsylvania : 
Bull.  Amer.  Paleo.,  vol.  21,  no.  71,  pp.  122-128,  1934. 

Busch,  D.  A.,  personal  communication. 
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These  sands  are  only  in  the  Knox  belt  lying  southeast  of  the  Tidioute^Clintonville  belt. 

Td  Tidioute,  Progress  Report  118.  Fr  Franklin  Report  M-24.  Fb  Foxburg  USGS  Bull.  454.  } Also  670  acres  abandoned. 

Tv  Titusville  Report  M-22.  Hi  Hilliards  Progress  Report  122.  t Also  430  acres  abandoned. 
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DEVONIAN  SYSTEM 

Riceville  Group 

Between  100  and  190  feet  below  the  top  of  the  Corry  is  a predom- 
inantly shaly  section,  which  correlates,  through  the  Titusville  Quad- 
rangle, with  the  Riceville  shale  of  I.  C.  White.1  The  formation  ranges 
in  thickness  between  85  and  95  feet.  It  is  characterized  particularly 
by  its  purplish-red  color,  and  is  generally  known  to  the  drillers  as 
the  “red  rock,’’  although  it  is  very  seldom  reported  in  well  records. 
The  formation  is  composed  of  dark  brownish-  or  purplish-red  shale 
and  micaceous  sandy  shale,  some  greenish  gray  shale  and  sandy  shale, 
some  dark  gray  shale,  and  a little  fine  white  sandstone  in  thin  beds. 

Venango  Group 

FIRST  SAND  FORMATION 

The  First  Sand  formation  ranges  between  50  and  130  feet  thick. 
Its  top  lies  about  200  feet  below  the  Corry  sandstone.  It  is  pre- 
dominantly a formation  of  fine,  hard,  white,  locally  calcareous  sand- 
stones, with  beds  of  gray  to  reddish-purple  shale,  and  light  gray  sandy 
shale.  Pebbly  beds  are  common  in  the  sandstones.  The  First  Sand 
formation  is  present  throughout  the  entire  quadrangle,  but  is  not 
generally  reported  by  the  drillers  except  where  gas,  oil,  or  abundant 
water  is  found  in  it. 

In  the  western  part  of  the  quadrangle  this  formation  is  50  to  GO 
feet  thick.  Oil  and  gas  are  found  in  a few  places  in  the  lower  25  feet. 
The  sand  here  is  similar  to  the  First  sand  of  the  Franklin  quadrangle. 
Toward  the  southeast  the  formation  thickens  by  the  addition  of  sandy 
beds  to  the  top  and  especially  to  the  bottom.  (See  electric  logs,  Sec- 
tion I.)  Apparently  the  underlying  Saegerstown  shale  becomes  sandy, 
and  contains  the  Red  Valley  sand  southeast  of  a diagonal  drawn 
from  the  northeast  to  the  southwest  corner  of  the  quadrangle. 

The  sand  beds  of  the  First  Sand  formation  in  the  Venango  district 
are  irregular  in  stratigraphic  position  and  usually  of  small  and  ir- 
regular area.  It  has  been  found  impossible  to  correlate  any  unit  over 
distances  of  more  than  a mile  or  so,  except  in  a continuously  produc- 
tive area. 

In  the  southwestern  part  of  the  quadrangle  several  oil  pools  occur 
in  well  developed  sands  near  the  base  of  the  formation  aligned  along 
a rather  definite  trend. 

The  First  sand  is  an  important  source  of  oil  in  the  Titusville  and 
Franklin  quadrangles,  where  the  sand  bodies  range  up  to  60  feet  in 
thickness,  and  occupy  rather  large  areas.  (See  Figure  3.)  In  the 


1 White,  I.  C.,  op.  cit.,  p.  97. 
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Figure  3 — Productive  areas  of  the  sands  in  the  Venango  district. 
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northwest  parts  of  the  Titusville  and  Townville  quadrangles  there  are 
no  commercially  productive  wells  in  the  First  sand.  It  there  contains 
fresh  water,  which  gained  access  to  the  sand  through  the  glacial 
valleys  that  penetrate  it.  From  the  rather  meager  data  available,  it 
appears  that  the  sand  in  that  area  may  be  well  developed  and  contin- 
uous, and  there  may  be  a long  bar  of  good  sand  similar  to  that  of 
the  Second  sand. 

Cross  trends  are  quite  noticeable  in  the  First  sand,  especially  in 
the  Titusville  quadrangle,  where  separate  pools  show  a tendency  to 
line  up  in  a northwest-southeast  direction.  On  the  whole,  however, 
the  First  sand  is  characterized  by  its  irregularity,  and  the  fact  that 
the  most  porous  streaks  may  lie  in  almost  any  direction,  or  be  curved. 

Bed  Valley  Sand.  In  the  southeast  part  of  the  Oil  City  quadrangle, 
at  about  280  feet  below  the  Corrv  sandstone,  32  pools  produce  oil 
from  a sand  that  occupies  a position  in  the  upper  part  of  the  Saegers- 
town  shale,  as  the  latter  is  developed  in  the  western  part  of  the  quad- 
rangle. This  sand  is  usually  called  Red  Valley  by  the  drillers,  after 
the  southwesternmost  pool.  It  correlates  with  the  Amber  sand  of  the 
Franklin  quadrangle,  and  the  White  sand  of  the  Tidioute  quadrangle. 
(Figure  3.) 

SAEGERSTOWN  SHALE 

Below  the  First  Sand  formation  in  this  region  is  a section 
of  gray  shale  with  a few  thin  sandy  shale  beds.  It  is  about  40  feet 
thick.  In  the  southeast  part  of  the  quadrangle  the  Red  Valley  sand 
occupies  the  middle  of  this  formation.  It  seems  likely  that  the  Saeg- 
erstown  shale  changes  its  facies  to  that  of  the  First  sand  in  a south- 
easterly direction  and  may  therefore  properly  be  considered  absent 
in  the  southeast  half  of  the  quadrangle,  except  for  about  5 to  30 
feet  of  shale  that  separates  the  Red  Valley  from  the  horizon  of  the 
Lytle  sand. 

LYTLE  SAND 

The  Lytle  sand,  whose  top  lies  approximately  320  feet  below 
the  Corry  sandstone,  is  well  developed  in  a belt  about  two  miles  wide 
in  the  northern  part  of  the  quadrangle.  The  northwestern  edge  of 
this  belt  coincides  closely  with  the  road  between  Plumer  and  Oil  City. 
Northwest  of  this  line  the  sand  is  completely  absent,  and  the  Saegers- 
town  shale  runs  directly  into  the  Amity  shale  below.  Where  well 
developed  the  Lytle  sand  is  a uniform,  fine-grained  light  gray  sand, 
unbroken  by  shale  beds.  Pebble  beds  are  sparsely  present  at  the  top 
or  bottom. 

East  of  Pithole  Creek  the  sand  is  present,  but  is  fine-grained  and 
hard,  except  for  certain  irregular  areas.  At  one  of  these,  on  upper 
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Pine  Run,  the  sancl  is  coarse  and  pebbly  in  an  area  of  5 to  10  acres. 
East  of  Stewart  Run  the  sand  is  not  recognizable  as  a geological  unit. 

South  of  Allegheny  River  the  Lytle  sand  is  thin  and  shaly.  It  is 
doubtfully  recognizable  as  a thin  pebbly  horizon  in  two  sampled  wells 
in  the  eastern  part  of  the  quadrangle.  It  may  be  present,  but  is  not 
recognizable,  in  the  southwestern  part  of  the  quadrangle. 

The  Lytle  sand  is  present  and  well  developed  from  Allegheny 
River  northwards  to  Tidioute  in  a belt  about  two  miles  wide.  (Figure 
3.)  The  northwest  edge  of  this  belt  is  smooth,  and  the  southeast  edge 
is  irregular,  the  sand  probably  continuing  to  the  southeast  but  be- 
coming hard  and  shaly. 

The  Lytle  sand  was  named  for  the  Lytle  farm,  near  Pitliole,  where 
it  was  first  productive.  It  is  called  the  Red  Valley  sand  in  the  Oil 
City  quadrangle,  the  Lytle  or  Red  Valley  sand  in  the  Titusville  quad- 
rangle, and  the  Second  sand  in  the  Tidioute  quadrangle. 

Below  the  Lytle  sand  is  an  interval  of  about  30  feet  that  is  pre- 
dominantly shaly.  In  the  northwestern  part  of  the  quadrangle  it  is 
dark  gray,  and  similar  to  the  Saegerstown  and  Amity  shales.  It  ac- 
quires a reddish  color  to  the  southeast,  and  in  the  southeastern  part 
of  the  quadrangle  it  contains  several  beds  of  fine  white  and  reddish 
sandstone.  Manj'-  well  logs  record  the  “Second”  sand  at  variable  po- 
sitions in  this  interval.  The  whole  interval,  including  the  horizon  of 
the  Second  sand  below,  is  sometimes  called  the  “Big  Red”  in  the 
southeastern  corner  of  the  quadrangle. 

SECOND  SAND 

The  Second  sand  lies  here  approximately  365  feet  below  the  Corry 
sandstone.  It  is  well  developed  in  the  northwestern  third  of  the  quad- 
rangle, where  it  is  an  oil-bearing  sand  in  a belt  2 to  3 miles  wide  run- 
ning southwesterly  from  Plumer  through  Oil  City  to  Monarch  Park. 
Northwest  of  a line  from  Rossman  School  to  Cherrytree  the  sand  is 
completely  absent.  For  about  two  miles  to  the  southeast  of  this  line 
the  sand  is  generally  between  20  and  30  feet  thick,  and  fine-  to  me- 
dium-grained and  very  uniform.  Pebbly  beds  generally  occur  in  the 
upper  part  of  the  sand,  and  occasionally  at  the  bottom.  In  some 
places  there  is  one  to  two  feet  of  shale  in  the  middle  of  the  sand  body. 

Southeast  of  a line  from  Plumer  to  Monarch  Park  the  sand  becomes 
less  porous  and  permeable,  and  oil  or  gas  is  found  in  it  only  in  isolated 
spots.  North  of  Allegheny  River  near  Walnut  Bend  the  top  15  feet 
of  sand  is  shaly  and  red.  South  of  the  river,  on  the  other  hand,  sand- 
stone beds  in  the  overlying  shale  are  frequently  reported  in  well  rec- 
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ords  as  the  top  of  the  Second  sand.  In  such  logs  40  or  50  feet  of  Sec- 
ond sand  are  recorded.  In  this  area  the  sand  is  hard  and  line,  and 
no  oil  or  gas  is  found  in  it.  Occasionally  small  quantities  of  salt  water 
are  found,  too  little  to  case  off. 

In  the  southeastern  half  of  the  quadrangle,  except  for  an  area 
around  Clapp  Lease,  the  Second  sand  is  not  recognizable.  Below  the 
red  shale  is  an  interval  of  fine-grained  sandstones,  sandy  shales,  and 
shale.  None  of  the  sandstones  can  be  definitely  picked  out  as  repre- 
senting the  Second  sand.  Drillers’  logs  occasionally  report  the  “Sec- 
ond” sand  at  widely  varying  positions.  The  approximate  line  where 
the  Second  sand  loses  its  identity  to  the  southeast  has  been  shown  on 
the  Second  Sand  map,  plate  IV. 

The  Second  sand  is  one  of  the  most  widespread  oil-producing  sands 
in  the  Venango  district.  It  is  present  as  a broad  belt  of  generally 
porous  sand  from  near  Grand  Valley  in  the  Titusville  quadrangle  to 
the  vicinity  of  Slippery  Rock.  The  northwestern  edge  of  the  sand 
body  is  remarkably  smooth  and  straight  (Figure  3).  Two  to  four 
miles  southeast  of  its  northwest  edge  the  sand  becomes  shaly  and  less 
permeable,  and  oil  deposits  are  found  only  in  small  and  isolated  spots. 
The  sand  is  present  farther  southeast,  but  is  fine,  and  grades  into 
typical  red  beds  of  the  continental  type. 

AMITY  SHALE 

Below  the  Second  sand,  or,  where  it  is  absent,  below  its  horizon,  is 
dark  gray  shale  which  ranges  in  thickness  from  60  feet  in  the  western 
part  of  the  quadrangle  to  30  feet  in  the  eastern  part.  Locally,  espe- 
cially in  the  eastern  part,  it  is  slightly  sandy.  In  the  southeast  ninth 
of  the  quadrangle  a thin  but  well-defined  sandstone  is  present  in  this 
shale  410  feet  below  the  Corry  sandstone.  It  is  usually  called 
“Boulder”  in  well  records. 

THIRD  SAND  FORMATION 

The  Third  Sand  formation  consists  of  a sandy  zone  about  80  feet 
thick,  in  which  several  horizons  are  productive  of  oil  and  gas. 

Boulder  Sand.  In  the  northwestern  part  of  the  quadrangle  the  top 
of  this  zone  lies  about  445  feet  below  the  Corry  sandstone.  The  upper- 
most 10  to  20  feet  here  consists  of  a bed  of  sandstone  5 to  10  feet  thick, 
underlain  by  5 to  10  feet  of  shale.  It  is  a hard  fine  white  sandstone, 
locally  with  a few  pebbles.  It  contains  no  oil  or  gas,  but  occasionally 
salt  water  in  unimportant  but  appreciable  quantities.  The  sand  is 
missing  at  Oil  City,  but  generally  present  elsewhere  throughout  the 
northwestern  part  of  the  quadrangle.  It  is  commonly  noticed  but 
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very  seldom  recorded  by  the  drillers.  This  is  unfortunate,  as  the 
change  from  the  Amity  shale  to  the  Third  Sand  formation  is  per- 
haps the  most  persistent  stratigraphic  break  in  the  Venango  series. 
The  top  of  this  sand  would  provide  a key  horizon  for  the  proper  recog- 
nition of  the  underlying  oil  sands.  When  reported,  it  is  sometimes 
called  the  Boulder  sand. 

Knox  Third  Sand.  The  principal  oil-producing  sand  in  the  south- 
eastern corner  of  the  quadrangle  lies  at  a depth  of  about  430  feet 
below  the  Corry  sandstone.  This  is  the  “Third”  sand  of  the  Foxburg 
quadrangle,  and  extends  from  near  Clarion  southeast  to  Parkers  Land- 
ing and  Butler.  In  the  Oil  City  quadrangle  the  sand  is  coarse  and 
very  pebbly  in  several  separate  pools  between  Nineveh  and  Pitch  Pine, 
most  of  which  are  elongated  in  a northesterly  direction.*  (Figure  3.) 

Third  Stray  and  Gray  Sands.  A sandy  horizon  that  is  productive 
over  a large  area  in  the  Titusville  and  Oil  City  quadrangles  lies  be- 
tween 470  and  430  feet  below  the  Corry  sandstone. 

The  Third  Stray  sand  in  the  Titusville  quadrangle  is  present  in 
three  large  pools.  (See  Figure  3.)  The  northernmost,  at  Grand  Valley, 
consists  of  a series  of  parallel  bars  trending  N.  70°E.  The  north- 
westernmost  bar  is  up  to  60  feet  thick  and  coarse  and  pebbly.  The 
bars  are  successively  finer  to  the  southeast,  but  the  southeasternmost 
is  long,  thick,  and  very  pebbly  and  forms  the  Triumph  Streak  oil 
pool. 

South  of  Pleasantville  is  another  pool  at  approximately  this  hor- 
izon, which  consists  of  a coarse  sand,  locally  pebbly,  but  very  even 
and  uniform  horizontally.  It  is  seldom  less  than  10  or  more  than  20 
feet  thick.  To  the  south  it  gradually  thins,  and  in  the  northern  part 
of  the  Oil  City  quadrangle  it  is  about  5 feet  thick. 

In  the  Oil  City  quadrangle  there  are  two  main  trends  of  productive 
sand  at  this  horizon.  One  extends  from  south  of  Plumer  through  Oil 
City  and  Cranberry  to  Nickleville.  This  sand  resembles  the  southern- 
most of  the  Titusville  sands  in  that  it  is  even  in  thickness,  although  it 
is  somewhat  finer  in  texture,  and  appears  to  lie  about  10  feet  lower 
stratigrapliically.  This  sand  is  generally  called  the  Gray  sand  by  the 
drillers. 

Another  trend  extends  from  southeast  of  Tenmile  Bottom  to  Clapp 
Lease  in  a nearly  easterly  direction.  As  far  as  could  be  determined, 
this  sand,  like  the  Grand  Valley  pool,  consists  of  parallel  bars  of  vary- 

* A sand  5 to  10  feet  thick  is  present  about  20  feet  above  the  Knox  Third  Sand.  This 
sand  is  frequently  called  the  Boulder  by  the  drillers,  doubtless  because  of  its  position 
above  the  so-called  “Third”  sand.  It  lies  higher  than  the  Boulder  as  described  above; 
about  at  the  horizon  of  the  base  of  the  Second  sand. 
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ing  thickness,  some  of  which  are  quite  pebbly.  Like  those  in  the  Grand 
Valley  pool,  they  do  not  bear  exactly  in  the  same  direction  as  the  pool 
as  a whole,  but  their  direction  is  about  N.  70  E.  This  sand  is  also 
called  the  Gray  sand,  and  is  considered  by  the  drillers  to  be  strati- 
graphically  equivalent  to  the  Oil  City-Nickleville  trend. 

Farther  south  in  the  Foxburg  and  Hilliards  quadrangles  there  are 
two  other  sizable  oil  pools  in  sand  bodies  which  lie  approximately 
at  the  same  stratigraphic  position.  They  are  similar  to  the  other 
pebbly  Third  Stray  sands,  and  have  a similar  trend. 

It  is  interesting  to  note  that  the  pebbly  and  streaked  sands  have 
a rather  constant  trend  of  N.  70°E,  which  is  exhibited  more  definitely 
in  the  individual  streaks  or  bars  than  it  is  in  the  outlines  of  oil  pro- 
duction. The  lithologically  quite  different  uniform  sand  bodies  do 
not  show  this  trend  at  all.  There  is  a possibility  that  the  streaked  and 
pebbly  sand  bodies  lie  at  a slightly  higher  horizon  than  the  uniform 
sand  bodies,  although  this  is  very  difficult  to  prove.  This  problem  is 
discussed  in  more  detail  in  a later  chapter  on  “Oil  Production.” 

The  streaked  and  pebbly  sand  in  this  report  will  be  called  the  Third 
Stray  sand,  and  the  uniform  sand  the  Gray  sand.  The  divergence  of 
both  trend  and  lithology  is  very  striking.  It  appears  likely  that  the 
sands  are  either  at  slightly  different  horizons  or  that  the  environment 
in  which  they  were  laid  down  was  somewhat  different.  The  location 
of  the  productive  areas  in  these  sands  is  shown  in  figure  3. 

Third  Sand.  Separated  from  the  Third  Stray  or  Gray  sand  by 
1 to  15  feet  of  shale  is  the  Third  sand.  It  lies  generally  about  510 
feet  below  the  Corry  sandstone,  or  120  feet  below  the  bottom  of 
the  Second  sand.  The  Third  sand  underlies  a wedge-shaped  area  in 
the  northwestern  part  of  the  quadrangle.  It  is  notably  streaked, 
being  very  coarse  and  pebbly  in  certain  bars  1,000  to  1,500  feet 
wide,  and  fine  and  slialy  between.  As  the  wedge  narrows  to  the 
south  the  sand  decreases  in  thickness,  and  becomes  fine,  imperme- 
able, and  relatively  unproductive. 

South  of  Allegheny  River  the  Third  sand  is  generally  present, 
but  seldom  productive  of  oil.  In  spite  of  the  small  interval  between 
the  bottom  of  the  Gray  and  the  top  of  the  Third  the  drillers  gen- 
erally distinguish  it  with  assurance.  It  might  be  questioned  whether 
they  are  always  correct.  The  Third  sand  is  pebbly  and  was  very 
productive  in  the  Egypt  Corners  pool  near  Cranberry,  and  the  Hill 
City  or  Tarkiln  pool.  It  is  also  reported  to  be  productive  between 
McPhersons  Corner  and  Clapp  Lease  in  isolated  localities  which 
were  not  identified  in  this  survey. 
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The  Third  sand  in  the  Venango  district  extends  in  a series  of  long 
and  narrow  bars  from  Spartansburg  in  the  Corry  quadrangle  to 
West  Sunbury  in  the  Milliards  quadrangle.  (Figure  3.)  Almost 
all  the  bars  show  the  following  features.  The  west  edge  is  smooth, 
and  beyond  it  the  sand  is  lacking.  Eastward  from  this  edge  the 
sand  thickens  abruptly  to  as  much  as  50  feet,  is  usually  pebbly, 
especially  in  the  upper  part.  Farther  east  it  becomes  finer  and 
shaly,  and  gradually  decreases  in  thickness. 

In  three  places  the  bars  curve.  These  curves  do  not  show  well 
on  the  accompanying  sketch  map,  figure  3,  but  detailed  studies  in- 
dicate that  they  resemble  recurving  spits.  One  of  these  is  in  the 
Petroleum  Center  pool  at  the  south  edge  of  the  Titusville  quad- 
rangle, where  there  are  three  well  defined  bars  of  sand  curving  north- 
east and  east,  forming  a striking  resemblance  to  a compound  re- 
curved spit  such  as  that  of  Presque  Isle.  Near  Kennerdell  in  the 
southeast  part  of  the  Franklin  quadrangle  there  are  two  such  re- 
curved spits,  the  northern  one,  which  points  south,  curving  around 
from  southwest  through  southeast  and  east,  and  the  one  pointing 
north  curving  to  northeast,  east,  and  south.  In  the  Titusville  quad- 
rangle there  are  two  separate  trends.  The  Church  Run  trend  is 
more  complete  and  continuous  than  the  eastern  Shamburg-Pleasant- 
ville-Grand  Valley,  which  may  be  somewhat  older  and  may  have 
been  partly  destroyed  during  the  formation  of  the  Church  Run 
trend. 

East  of  the  main  trends  there  are  several  small  isolated  Third 
Sand  pools,  in  most  of  which  the  sand  is  coarse  and  pebbly.  West 
of  the  main  trend  is  the  Raymilton  pool,  along  the  west  edge  of 
the  Franklin  quadrangle,  in  which  the  sand  is  relatively  fine. 

Knox  Fourth  and  Fifth  Sands.  At  a distance  of  about  35  and  60 
feet  respectively  below  the  Knox  Third  sand,  in  the  southeastern 
corner  of  the  Oil  City  quadrangle,  are  two  other  beds  of  sandstone 
in  the  Third  Sand  formation.  Where  Avell  developed  they  are  dark 
gray,  usually  pebbly  sands,  and  range  between  10  and  15  feet  in 
thickness.  They  are  rather  spotty,  and  little  information  is  avail- 
able concerning  them.  They  seem  to  be  aligned  in  a general  trend 
through  St.  Marks  Church  and  northeasterly  through  Fern  to  north 
of  Pitch  Pine.  The  Knox  Fourth  sand  is  approximately  at  the  stra- 
tigraphic horizon  of  the  Gray  sand,  and  the  Knox  Fifth  sand  lies 
slightly  above  the  horizon  of  the  Third  sand.  Nevertheless  there  is 
no  reason  to  believe  that  the  Knox  Fourth  and  Fifth  sands  are 
equivalent  to  the  Gray  and  Third  sands  in  age. 
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PETROGRAPHY  OF  THE  VENANGO  SANDS 

Although  the  characteristic  shape,  trend,  and  habits  of  the  Venango 
sands  are  different  in  the  three  formations  into  which  the  group  may 
be  divided,  certain  features  are  common  to  all  of  them. 

AVith  few  exceptions,  the  west  or  northwest  edge  of  the  NE-SW 
trending  bodies  is  smooth  and  regular,  and  the  sand  thins  and  dis- 
appears abruptly  northwest  of  this  edge.  Within  one  or  two  miles 
southeast  of  the  edge,  the  sands  are  coarsest  and  most  porous.  Farther 
southeast  the  sands  become  fine,  impermeable,  and  contain  more  shale. 
This  is  also  true  of  the  Speechley  sand,  which  is  not  in  the  Venango 
group. 

Pebbles  are  almost  invariably  present  at  the  top  of  the  sand.  As 
a rule  there  is  a “cap-rock”  one  to  two  feet  thick  at  the  top  of 
producing  sands,  consisting  of  quartz  pebbles  firmly  cemented  in 
an  impermeable  shalv  matrix.  Within  the  sand  body,  pebbles  or 
conglomerate  beds  are  more  common  in  the  upper  part  of  the  sand 
than  at  the  base.  A curious  rock  that  is  present  in  certain  beds  in 
all  sands,  consists  of  small  lenses  and  lumps  of  sand  in  shale,  in 
irregular  positions  as  if  kneaded.  Small  lenses  and  lumps  of  shale 
are  frequently  contained  in  the  sands.  Paper-thin  bedding  planes 
consisting  of  black  shaly  material  with  flakes  of  muscovite  mica  are 
common  even  in  the  more  massive  sandstone  beds.  They  are  appar- 
ently of  small  lateral  extent,  but  effectively  reduce  the  vertical 
permeability  of  the  sandstone  to  practically  zero.  Pebbly  beds  are 
sometimes  found  at  the  bottom  of  the  sands,  but  not  as  often  as 
at  the  top. 

The  Venango  sands  consist  predominantly  of  clear  quartz.  Feld- 
spars are  rare  but  muscovite  is  abundant.  Heavy  minerals  are  scarce 
and  show  few  species.  Zircon  and  tourmaline  constitute  the  bulk  of 
the  heavy  minerals.  The  tourmalines  are  of  various  colors  and  some 
sIioav  euhedral  outgrowths  on  rounded  grains.  Barite  is  locally  com- 
mon and  is  undoubtedly  authigenic.  Rutile,  anatase,  brookite, 
ilmenite,  siderite,  and  pyrite  are  common.  Garnet,  chlorite,  and 
zoisite  are  rare.  Andalusite,  sillimanite,  staurolite,  and  cyanite  are 
extremely  rare  or  absent.  The  striking  features  of  the  detrital  heavy- 
mineral  suite  are  its  Constance  in  percentage  and  its  lack  of  the  less 
resistant  minerals.  These  indicate  that  the  source  of  the  sands  was 
essentially  the  same  and  that  this  source  consisted  almost  entirely  of 
sedimentary  rocks  or  of  a sedimentary  series  which  had  been  only 
slightly  metamorphosed. 

The  Venango  sands  are  well  cemented  by  secondary  silica.  Thin 
sections  show  secondary  silica  outgrowths  which  partake  of  the  crystal 
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axes  of  the  original  quartz  grains,  and  which  join  the  adjacent  grains 
in  an  irregular  manner.  Most  of  the  fractures  and  small  cavities  are 
tilled  with  calcite.  As  a rule,  the  finer  the  grain  size,  the  more  com- 
plete is  the  secondary  silica  cementation.  Most  of  the  coarser  pebble 
rocks  are  loose  and  friable,  except  where  the  pebbles  are  in  a fine 
sand,  clay,  or  ferruginous  matrix.  In  some  coarse  pebble  rocks,  small, 
loose,  perfectly  euhedral  quartz  crystals  are  common. 

Oil  and  gas  in  commercial  quantities  are  found  only  where  there  are 
porous  and  permeable  sands.  The  converse  is  almost  equally  true  in 
this  district — that  where  porous  and  permeable  sands  exist,  oil  or 
gas  is  present  in  commercial  quantities  provided  that  the  sand  body  is 
sealed  and  is  sufficiently  thick.  Where  oil  is  not  present,  the  sand  is 
tight.  The  comparatively  few  exceptions  to  this  rule  are  in  the  First 
sand  or  at  structurally  low  locations  in  the  Second  sand. 

More  detailed  discussion  of  the  petrography  of  the  Venango  sands 
will  be  found  beyond  (Second  sand — Oil  City-Rouseville,  p.  98)  and 
in  the  report  on  the  Titusville  quadrangle.  Description  of  the 
lithology  of  the  sands  in  each  pool  will  be  found  below  under  the 
description  of  the  oil  pools. 

ORIGIN  OF  THE  VENANGO  SANDS 

General  considerations.  The  features  of  the  sands  described  above 
leave  little  doubt  that  the  Venango  sands  were  deposited  under  shallow 
water  in  a marine  but  near-shore  environment.  During  the  Upper 
Devonian  in  the  eastern  and  central  parts  of  Pennsylvania  the  Catskill 
red  beds  were  being  deposited  under  continental  conditions.  Fine 
sands  and  muds  were  spread  out  over  a wide,  flat  plain,  probably  in 
some  respects  comparable  to  a delta.  However,  there  is  no  evidence 
of  any  one  river;  probably  the  deltas  of  several  rivers  coalesced.  To 
the  west,  in  Ohio,  dark  gray  marine  shales  were  being  deposited.  The 
shore  line,  therefore,  must  have  been  somewhere  in  the  vicinity  of 
the  Venango  oil  district. 

The  concentration  of  coarse  and  permeable  sands  in  narrow  bars, 
all  of  which  trend  roughly  northeast,  while  marine  shales  are  found 
to  the  Avest  and  fine  sands  and  muds,  some  unquestionably  continental, 
are  found  to  the  east,  suggests  that  the  sand  bars  are  off-shore  bars 
similar  to  those  of  many  present-day  coast  lines.  Such  bars  are  beauti- 
fully developed  along  the  east  coast  of  the  United  States,  and  along 
the  north  and  west  coasts  of  the  Gulf  of  Mexico.  Their  mode  of  origin 
has  been  thoroughly  studied  by  Johnson1.  He  considers  them  to  be 

1 Johnson,  D.  W.,  Shore  processes  and  shore  line  development,  pp.  348-393,  New  York, 
John  Wiley  & Sons,  1919. 
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formed  principally  by  wave  action,  although  the  effect  of  longshore 
currents  is  noticeable,  and  sometimes  important.  They  are  par- 
ticularly characteristic  of  shore  lines  of  emergence. 

Bass,  in  a detailed  and  masterful  study,2  came  to  the  conclusion  that 
the  “shoestring”  oil  sands  of  southeastern  Kansas  were  formed  as 
offshore  bars.  It  was  suggested  by  Brewer3  that  certain  sands  of  the 
Venango  group  in  southwestern  Pennsylvania  may  be  sand  bars 
formed  by  wave  action,  such  as  offshore  bars,  spits,  and  tombolos. 

The  lithology  of  the  sands  where  they  are  productive  of  oil  is  very 
similar  to  that  of  modern  beach  sands.  They  are  well  sorted,  and 
contain  flat  pebbles,  up  to  an  inch  but  usually  less  than  y2- inch  in 
diameter,  which  may  be  either  in  separate  beds  or  scattered  through 
the  sand.  The  pebbles  are  more  abundant  on  the  top  than  near  the 
bottom  of  the  sand  body. 

The  shape  of  many  of  the  sand  bodies  is  also  similar  to  that  of 
offshore  bar  and  beach  deposits.  They  are  usually  elongated,  with  a 
smooth  western  edge.  They  are  thicker  and  coarser  near  the  smooth 
edge,  and  become  thin,  fine,  and  shalv  to  the  east.  To  the  west  there 
is  usually  nothing  but  marine  shale  and  sandy  shale,  with  often  a 
thin  bed  of  fine  shaly  sandstone  at  the  horizon  of  the  sand  body.  To 
the  east  the  sands  are  often  present  for  a few  miles  as  thin,  fine,  shaly 
sands,  in  some  places  thickening  irregularly  to  form  local  coarse 
spots.  The  sands  of  the  Second  Sand  formation  pass  eastward  almost 
immediately  into  continental  type  sediments,  often  red.  The  sands 
of  the  other  formations  pass  eastward  into  interbedded  dark  gray 
sands  and  shales  for  as  far  as  they  have  been  studied,  about  10  miles. 
It  is  known  that  20  to  30  miles  to  the  east  the  whole  Venango  group 
is  a reddish  series  of  the  Catskill  facies. 

The  general  geology  of  Pennsylvania  shows  that  during  the  whole 
of  the  Upper  Devonian  the  shore  line  gradually  retreated,  since  the 
continental  type  of  deposition  extends  farther  and  farther  west  in 
higher  and  higher  beds.  This  retreat  of  the  shore  was  probably  due 
mainly  to  the  encroachment  of  the  deposits  from  the  east,  rather  than 
any  uplift  of  the  land  near  the  shore  line.  There  is  no  indication 
of  periods  of  erosion  of  any  magnitude  in  central  Pennsylvania,  where 
the  Upper  Devonian  is  much  thicker  than  it  is  in  western  Pennsyl- 
sylvania.  There  is  no  reason  to  believe,  however,  that  the  retrogres- 
sion of  the  shore  line  was  absolutely  steady  and  continuous.  There 
probably  were  oscillations  back  and  forth,  and  quite  likely  periods  of 

2 Bass,  N.  Wood,  Origin  of  the  shoestring  sands  of  Greenwood  and  Butler  Counties. 
Kansas : Kansas  Gcol.  Survey  Bull.  23,  1936. 

s Brewer,  Charles,  Genetic  relationship  of  oil  reservoirs  to  shoreline  deposits : Bull. 
A.mer.  Assoc.  Petrol.  Geol.,  vol.  12,  p.  602,  1928. 
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uplift  during  which,  some  of  the  Catski  11- type  continental  deposits 
were  subjected  to  erosion  and  reposition  farther  west.  These  oscilla- 
tions only  interrupted  the  long-term  retrogression  of  the  shore  line. 

The  oil  sands  undoubtedly  represent  deposits  of  sand  and  gravel 
concentrated  by  wave  action  at  or  near  the  shore  line  at  different 
positions  in  its  irregular  progress.  They  show  many  irregularities 
and  features,  however,  that  make  them  rather  complicated.  They 
are  not  simply  to  be  compared  to  the  offshore  bars  of  the  Atlantic 
coast.  There  are  different  types  and  habits  of  form  and  lithology  in 
bars  at  or  near  the  same  horizon,  and  the  bars  of  the  different 
“formations”  show  considerable  differences.  It  is  impossible  to 
understand  and  explain  all  their  features,  even  with  the  large  amount 
of  data  available  for  study. 

The  bars  of  the  Venango  sands  cannot  be  strictly  comparable  to 
those  of  the  east  coast  of  the  United  States,  because  that  coast  is  not 
only  a shore  line  of  emergence,  but  land  back  of  the  shore  is  under- 
going active  erosion.  The  bars  off  the  Mississippi  Delta  are  perhaps 
more  analogous  to  those  of  the  Venango  group.  The  Venango  sands, 
however,  do  not  exhibit  any  projection  of  the  sediments  in  a long 
seaward  peninsula  as  does  the  mouth  of  the  Mississippi.  Rather,  they 
show  a very  smooth  and  long,  unbroken  sweep  of  coast  line.  The 
Mississippi  Delta,  however,  is,  according  to  Fenneman1,  “.  . . appar- 
ently unique.  The  form  of  its  seaward  margin  is  determined  more 
by  the  river  and  less  by  the  waves  than  that  of  most  great  deltas”. 
Perhaps  the  delta  of  the  Rhine,  built  as  it  is  into  a shallow  and  limited 
epicontinental  sea,  is  more  comparable  to  the  Venango  type  of  deposi- 
tion. A very  interesting  feature  of  the  North  Sea  off  the  Rhine  Delta 
is  the  presence  of  submarine  sand  ridges,  which  have  been  extensively 
studied  by  the  Dutch.2  There  are  bars,  many  miles  long  and  often  a 
mile  or  more  wide,  lying  on  the  sea  bottom  in  60  to  70  feet  of  water. 
They  are  often  30  to  50  feet  high,  and  their  tops  are  thrown  into 
waves,  which  are  10  to  30  feet  high  and  1,000  to  2,000  feet  from 
crest  to  crest.  These  bodies  resemble  the  sand  bodies  of  the  Third 
Stray  sand.  If  such  undersea  sand  ridges  are  represented  in  the 
Venango  series,  an  interesting  conclusion  follows:  that  they  may  be 
temporally  equivalent  to  shore-line  bars  50  feet  or  more  stratigraph- 
ically  higher. 

Stages  in  the  origin  of  the  Venango  group.  In  order  to  make  clear 
the  ideas  concerning  the  origin  of  the  Venango  group  a series  of 
hypothetical  diagrams  (fig.  4)  has  been  prepared  and  the  probable 

1 Fenneman,  Nevin  M.,  Physiography  of  Eastern  United  States,  p.  94,  1938. 

3 van  Veen,  Joh.,  Sand  waves  of  the  North  Sea:  Hydrographic  Review,  1935.  See  also, 
Onderzoekingen  in  de  Hoofden,  The  Hague,'  1936. 
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approximate  stages  in  tlie  deposition  and  preservation  of  the  group 
is  outlined  below.  The  present  time  (February  1943)  is  inopportune 
for  a study  of  coast  lines,  and  for  this  and  other  reasons  the  authors 
have  not  attempted  to  study  and  compare  the  features  of  the  Venango 
sands  with  recent  near-shore  bodies  in  a detailed  and  comprehensive 
manner.  Partly  for  this  reason  many  facts  regarding  the  sands  and 
shales  of  this  group  have  been  left  unexplained,  and  the  story  as 
outlined  below  is  very  tentative,  with  several  alternative  explanations. 


Open  Offshor0  Sar 


Laqoon 


Continental  Deposition 


A THIRD  SAND,  STAGE  I 


Undersea  Dunes  Open  Sea  Offshore  Bar  or  Beach 


C SECOND  SAND,  STAGE  5 


Open  Sea 


D RED  VALLEY  AND  FIRST  SANDS,  STAGE  9 


APPROXIMATE  SCALES  LEGEND 

(r£ET  I--  Marine  shale  and  sandy  shale 

VERTICAL  Sgq  HORIZONTAL  MILES  P°r°JS  sand  ond  pebbly  sand 

20  J o 5 io  yY///////7A  Alluvial  or  del  laic  deposits: 

shale,  sandy  shale,  fine  sand 
in  irregular  bodies,  sometimes  red 

Figure  4— Hypothetical  diagrams  illustrating  the  probable  origin 
of  the  Venango  sands. 

Stage  1 — Third  Sand — Figures  3 and  4A. 

An  offshore  bar,  the  Third  sand,  was  built  up  by  wave  action  to 
slightly  above  sea  level.  This  bar  was  separated  by  a broad  and 
shallow  lagoon  from  the  true  shore  to  the  southeast,  where  continental 
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deposition  was  taking  place.  The  seaward  face  of  the  bar  was  steep, 
smooth,  pebbly,  and  sharply  delimited  from  the  contemporaneous 
marine  muds  that  accumulated  in  the  open  sea.  Curved  spits  occurred 
along  the  bar  at  Petroleum  Center  and  near  Kennerdell.  An  embay- 
ment  marked  by  recurving  spits  and  a discontinuity  in  the  bar 
occurred  at  Kennerdell.  Seaward  from  this  embayment,  at  Ravmilton, 
an  elliptical  body  of  finer  sand  accumulated.  In  the  lagoon  east  of 
the  bar,  mud  and  thin  layers  of  fine  sand  accumulated.  The  exact 
position  of  the  shore  line  east  of  this  lagoon  is  not  known. 

This  stage  1 probably  was  not  the  true  beginning  in  the  formation 
of  the  Venango  group.  There  is  evidence  that  the  Third  Sand  bar 
was  preceded  by  another  similar  bar,  which  can  be  recognized  as 
the  Shamburg-Grand  Valley  trend  of  isolated  pools  east  of  the  main 
Third  Sand  bar.  It  is  probable  that  a regression  of  the  sea  in  the 
northern  part  partially  destroyed  this  earlier  bar  before  and  during 
the  construction  of  the  later  Third  Sand  bar. 

Stage  2 — Shale  overlying  Third  Sand. 

A rapid  sinking  of  this  part  of  Pennsylvania  caused  the  sea  to 
advance  eastward  over  the  Venango  district  and  lowered  the  Third 
Sand  bars  of  Stage  1 to  below  the  zone  of  effective  wave  action  on 
sand.  That  the  advance  of  the  sea  in  this  stage  was  rapid  is  indi- 
cated by  the  probability  that  the  Third  Sand  bar  would  have  moved 
eastward  with  a slowly  advancing  sea.  Possibly  the  bar  did  move 
slowly  eastward  to  its  present  site  and  remain  there  during  a more 
rapid  advance  of  the  shore. 

Mud  accumulated  over  the  Venango  district  in  this  sea  during 
stage  2.  This  mud  buried  the  Third  Sand  bar  of  stage  1 and  gradually 
raised  the  level  of  the  sea  bottom  to  a depth  above  which  no  further 
mud  could  accumulate  under  the  existing  wave  and  current  conditions. 

Stage  3 — Third  Stray,  Gray  and  Knox  Third  Sands — Figures  3 
and  4B. 

The  mud  deposition  of  stage  2,  accentuated,  perhaps,  by  a slight 
uplift,  had  resulted  in  a depth  of  the  sea  at  which,  under  the  existing 
current  and  wave  conditions,  more  mud  was  swept  westward  into 
the  open  sea  while  sand  bodies  accumulated  in  the  Venango  district. 

In  the  western  part  of  this  area  of  sand  accumulation  the  Third 
Stray  and  Gray  sands  originated.  These  sands  do  not  exhibit  the 
features  of  offshore  bars.  The  Third  Stray  (fig.  3)  resembles  the 
corrugated  sand  ridges  described  by  van  Veen.  The  Gray  Sand 
bodies  are  at  approximately  the  same  horizon  but  do  not  exhibit  the 
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corrugated  character.  They  are  broad  and  smooth  bodies  of  rather 
irregular  shape.  It  is  thought  that  the  Third  Stray  and  Gray  Sand 
bodies  were  deposited,  at  essentially  the  same  time,  offshore  in  30  to  60 
feet  of  water  by  ocean  currents,  rather  than  built  up  on  a beach  by 
wave  action. 

If  the  above  conclusion  is  correct,  there  must  have  been  a shore 
line  southeast  of  the  site  where  the  Third  Stray  and  Gray  sands  were 
accumulating.  Wave  action  near  this  shore  presumably  built  a bar 
at  a somewhat  higher  level  than  that  at  which  the  Third  Stray  and 
Gray  sands  were  accumulating.  The  Knox  Third  sand  may  be  this 
bar.  Although  somewhat  higher  in  the  section,  the  Knox  Third  sand 
may,  therefore,  have  been  deposited  at  the  same  time  as  the  Third 
Stray  and  Gray  sands.  It  is  quite  possible,  however,  that  the  Gray- 
Third  Stray  shore  line  may  have  been  still  farther  to  the  southeast, 
and  the  Knox  Third  may  be  an  entirely  distinct  and  later  shore- 
type  deposit. 

Stage  4 — Amity  Shale. 

After  the  deposition  of  the  Knox  Third  sand  an  extensive  advance 
of  the  sea  similar  to  that  of  stage  2 occurred.  In  this  sea,  muds 
accumulated  and  buried  the  Third  Stray,  -Gray,  and  Knox  Third 
sands.  The  area  of  mud  accumulation  extended  eastward  beyond 
the  limits  of  this  survey.  Periodically  in  the  Venango  district,  how- 
ever, the  wave  or  current  action  in  this  sea  was  sufficiently  strong, 
or  the  sea  was  sufficiently  shallow,  that  thin  bodies  of  fine-grained 
sandstone,  like  the  “Boulder”,  accumulated. 

Stage  5 — Second  Sand — Figures  3 and  4C. 

The  shore  was  back  at  about  the  same  position  as  it  was  when  the 
Third  sand  was  deposited,  but  its  azimuth  had  changed  slightly  to 
the  northeast.  The  westward  movement  of  the  shore  from  its  posi- 
tion in  stage  4 may  have  resulted  from  a general  uplift  or  from 
encroachment  of  continental  deposits  from  the  east.  The  latter  ex- 
planation is  considered  the  more  probable. 

Along  the  shore  mentioned  above,  the  Second  sand  is  thought  to 
have  accumulated  as  a beach.  This  sand  may  have  been  deposited 
as  an  offshore  bar,  back  of  which  the  lagoon  was  entirely  filled,  but 
it  is  broader  than  most  offshore  bars  and  to  the  southeast  grades 
rapidly  into  continental-type  fine  red  sands  and  shales,  rather  than 
into  the  dark  gray  shales  and  sands  of  a lagoon.  Its  breadth  may 
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be  explained  by  a gradual  retreat  of  tlie  sea  caused  by  encroachment 
of  the  terrigenous  deposits,  which  buried  the  beach  as  the  shore 
moved  westward.1 

This  westward  encroachment  of  the  terrigenous  deposits  continued 
until  muds,  generally  red,  were  accumulating  over  the  Venango  district 
and  had  buried  the  Second  sand. 

Stage  6 — Shale  overlying  the  Second  Sand. 

Another  rapid  advance  of  the  sea  occurred  similar  to  that  of  stages 
2 and  4.  In  this  sea  dark  muds  accumulated  and  buried  the  Second 
sand  and  its  overlying  red  shale. 

Stage  7 — Lytle  Sand — Figure  3. 

The  shore  was  again  within  the  Venango  district,  probably  having 
been  driven  westward  from  its  position  in  stage  6 by  continental 
deposition  to  the  east.  Near  or  along  the  shore  accumulated  the 
Lytle  sand,  which  is,  in  nearly  all  respects,  exactly  similar  to  the 
Second  sand,  but  lies  east  of  it. 

Stage  8 — Lower  part  of  Saegerstown  Shale. 

Another  advance  of  the  sea,  similar  to  that  of  previous  stages, 
occurred  before  the  shore  of  the  Lytle  Sand  stage  7 had  been  driven 
as  far  westward  as  it  Avas  during  the  Second  Sand  stage  5.  In  this 
sea  accumulated  the  gray  shale  and  sandy  shale  lying  between  the 
Lytle  and  Red  Valley  sands. 

Stage  9 — Red  Valley  and  First  Sand — Figures  3 and  4D. 

The  shore  line  had  again  unwed  AvestAvard  into  the  Venango  district. 
Along  or  near  it  accumulated  the  discontinuous  sand  bodies  of  the 
Red  Valley  horizon.  The  westward  movement  of  the  shore  appar- 
ently continued  through  the  deposition  of  the  First  Sand  formation. 
The  sandy  shales,  shales,  and  irregular  sand  bodies  of  this  formation 
were  probably  deposited  in  deltaic  conditions,  with  the  open  sea  to 
the  west.  Similar  to  conditions  at  the  mouth  of  the  Mississippi  River 
today,  the  wave  and  current  action  was  apparently  insufficient  to 
smooth  out  the  beach. 

1 The  breadth  of  the  bar  may  also  be  explained  by  a belt  of  sand  dunes.  It  has  been 
pointed  out  by  Paul  D.  Krynine  (personal  communication)  that  the  lower  member  of  the 
Second  sand  at  Clintonville  shows  certain  features  characteristic  of  aeolian  sands.  It 
consists  of  subangular  grains,  very  fine,  of  remarkably  uniform  grain  size,  and  is  in 
many  respects  different  from  the  other  Venango  sands.  Its  thickness  pattern  does  not 
suggest  dunes,  being  instead  a very  uniform  bed  10  feet  in  thickness,  separated  by  a 
shale  interval  of  1 to  10  feet  from  an  upper,  less  uniform  member.  The  advancing  sea 
may  well  have,  leveled  off  the  dunes. 
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Stage  10 — Rieeville  group. 

Continued  continental  deposition  from  the  east  buried  the  First 
Sand  formation  under  the  85  to  95  feet  of  dark  brownish  or  purplish- 
red  mud  and  greenish-gray  sandy  mud  that  constitutes  the  Rieeville 
group. 

CONSOLIDATION  OP  THE  OIL  SANDS 

With  the  exception  of  some  of  the  very  pebbly  conglomerates,  all 
the  sandstones  of  the  Venango  group  can  properly  be  termed  quartz- 
ites. The  principal  cementing  material  seems  to  be  secondary  silica, 
although  calcite  is  common  in  certain  pore  openings,  and  shaly  ma- 
terial is  present  in  subordinate  amounts. 

It  has  been  noted  that  in  the  finer  sands  the  porosity  is  lower,  and 
the  cementation  has  progressed  farther  than  in  the  coarse  sands. 
Core  analyses  also  indicate  that  more  connate  water  is  present  in  the 
fine  sands.  There  is  less  oil  in  the  finer  sands  although  gas  is  present 
in  some  places  to  the  exclusion  of  oil. 

The  increase  of  connate  water  content  with  decreasing  permeability 
and  grain  size  has  also  been  noted  in  other  oil  regions1  and  in  labora- 
tory experiments.2  It  has  been  well  established  by  laboratory  work 
that  the  presence  of  oil  in  a sand  reduces  its  permeability  to  water.3 
It  seems  to  be  a plausible  hypothesis,  therefore,  that  the  accumulation 
of  oil  and  gas  took  place  before  the  cementation  of  the  sands  had 
progressed  very  far.  The  sands  were  undoubtedly  full  of  salt  water, 
derived  from  the  sea  in  which  they  were  deposited.  The  oil,  from 
either  a local  or  deepseated  source,  was  able  to  displace  the  water  from 
the  coarser  and  larger  pore  openings  in  the  coarser  sands.  It  was 
unable  to  displace  the  water  from  the  finer  pore  openings  in  the 
coarse  sand,  and  very  little  water  from  the  finer  sands.  The  gas  was 
able  to  displace  water  from  somewhat  finer  sands  than  the  oil. 

The  deposition  of  secondary  silica  probably  was  caused  by  slow 
circulation  of  the  water  in  the  rocks.  Where  the  sand  was  partially 
filled  with  oil  or  gas  the  permeability  to  water  was  reduced,  and, 
therefore,  the  secondary  silica  cementation  was  less  complete.  The 
fine  sands  are  thus  better  cemented  than  the  coarse  sands. 

In  the  Clintonville  Second  Sand  pool  the  sand  of  the  main  belt, 
presumably  as  coarse  and  permeable  as  the  rest,  contains  only  water 
at  a structurally  low  position  at  the  south  end  of  the  pool.  The 

1 Higgins,  R.  V.,  Productivity  of  oil  wells  and  inherent  influence  of  gas-oil  ratios  and 
water  saturation  : U.  S.  Bureau  of  Mines,  Report  of  Investigations  No.  3657,  Sept.,  1942. 
p.  45. 

2 Van  Wingen,  Nico,  Influence  of  oil  flow  on  water  content:  Oil  Weekly,  Oct.  10,  1938. 

3 Buckley,  S.  E.,  and  Leverett,  M.  C.,  Mechanism  of  fluid  displacement  in  sands : 

A.  I.  M.  E.,  vol.  142  (1941),  p.  107. 
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surface  of  the  water  conforms  closely  to  the  subsurface  structure 
contour.  This  water  has  never  encroached,  and  in  wells  drilled  a 
few  miles  farther  south  good  sand,  containing  neither  water  nor  oil, 
is  reported.  It  appears  possible  that  the  accumulation  of  the  water 
here  because  of  structural  conditions  had  the  same  effect  as  the  more 
usual  concentration  of  water  by  textural  conditions,  and  that  the  sand 
was  more  completely  cemented  where  there  was  little  or  no  oil  or  gas. 

Strata  below  the  Venango  Group 

The  100  feet  of  strata  immediately  underlying  the  Third  sand  con- 
sist of  dark  greenish-gray  shale  with  interbedded,  greenish-gray,  fine- 
grained sandstone,  shaly  sandstone,  and  sandy  shale.  These  strata 
extend  from  540  to  640  feet  below  the  Corry  sandstone.  Locally 
grayish-red  sandy  shale  and  interbedded  grayish-red  shaly  sandstone 
occur  in  the  interval  from  570  to  620  feet  below  the  Corry  sandstone. 

Pink  Eoclc  “formation”.  The  Pink  or  Red  rock  extends  from  640 
to  980  feet  below  the  Corry.  Locally,  streaks  of  reddish-gray  shale  are 
encountered  both  above  and  below  this  interval.  The  Pink  rock  of 
the  drillers  consists  of  reddish-gray  shale  and  sandy  shale,  with  inter- 
bedded greenish-gray  shale,  sandy  shale,  and  fine-grained  sandstone. 
The  medial  one-third  consists  predominantly  of  greenish-gray  shale 
with  interbedded,  greenish-gray  sandy  shale  and  fine-grained  sand- 
stone. 

First  Warren  sand.  The  First  Warren  sand  lies  at  an  average 
interval  of  980  feet  below  the  Corry  sandstone.  The  First  Warren 
ranges  in  thickness  from  25  to  60  feet  and  averages  about  35  feet.  It 
is  composed  of  interbedded,  very  fine-grained,  greenish-gray  sand- 
stone, sandy  shale,  and  greenish  gray  shale. 

This  sand  is  thought  to  be  present  under  the  entire  quadrangle. 
It  is  variously  designated  as  First  Warren,  Baker,  Amsler,  Warren, 
and  “dark  sand”  in  the  well  records. 

Second  Warren  sand.  The  interval  between  the  First  and  Second 
Warren  sands  is  occupied  by  approximately  55  feet  of  dark  greenish- 
gray  shale  with  a little  interbedded  greenish-gray  sandy  shale.  The 
Second  Warren  sand  lies  at  an  average  interval  of  1,070  feet  below 
the  Corry  sandstone.  This  sand  is  about  80  feet  thick  and  consists 
of  dark  greenish-gray  shale  with  interbedded,  greenish-gray,  fine 
grained,  slightly  calcareous  sandstone  and  greenish-gray,  fine  grained, 
shaly  sandstone.  The  term  “shells”  as  used  by  the  driller  would 
adequately  describe  this  sand  over  most  of  the  quadrangle. 
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Queen  sand.  The  interval  between  the  Second  Warren  sand  and  the 
Queen  sand  is  occupied  by  about  30  feet  of  greenish-gray  shale.  As 
shown  by  sample  examination  the  Queen  sand  occupies  the  interval 
extending  from  1,180  to  1,240  feet  below  the  Corry  sandstone.  In 
drillers’  records  the  sand  ranges  in  thickness  from  12  to  76  feet,  aver- 
ages 35  feet  and  its  top  is  1,200  feet  below  the  Corry  sand,  indi- 
cating that  the  upper  20  feet  of  the  sand  is  poorly  developed.  This 
sand  is  composed  of  interbedded,  very  fine-grained,  greenish  sand- 
stone, greenish-gray  shale,  and  shaly  sandstone  in  which  there  is  some 
interbedded,  reddish-gray  shale,  very  fine-grained,  reddish-gray,  shaly 
sandstone  and  very  fine-grained,  light  gray  sandstone. 

The  Queen  sand  is  variously  designated  as  Keverline,  White,  Second 
Clarendon,  and  First  Warren,  in  the  Oil  City  quadrangle.  This  sand 
is  probably  equivalent  stratigraphically  to  the  Glade  sand  of  Warren. 

Clarendon  Stray  sand.  Between  the  Queen  sand  and  the  Clarendon 
Stray  sand  there  is  about  60  feet  of  dark  greenish-gray  shale  with  a 
little  interbedded,  fine-grained,  greenish-gray  sandstone.  The  Claren- 
done  Stray  sand  occupies  the  interval  extending  from  1,300  to  1,330 
feet  below  the  Corry  sandstone.  This  sand  is  seldom  recorded  by 
drillers  and  then  only  as  “sand”.  Electric  logs  and  sample  analyses 
of  well  cuttings  indicate  a definite  recognizable  sandy  horizon.  For 
convenience  the  name  Clarendon  Stray  sand  has  been  adopted  for  this 
discussion. 

The  Clarendon  Stray  sand  is  composed  of  interbedded,  dark  gray 
shaly  sandstone,  dark  greenisli-gray  shale,  dark  greenish-gray,  fine- 
grained sandstone,  and  some  calcareous,  fine,  white  sandstone.  This 
sand  has  not  been  definitely  correlated  with  the  Clarendon  Stray  sand 
of  Warren.  In  the  area  between  Van  and  Carnes  School  the  top  of 
the  Speechley  sand  reaches  a minimum  interval  of  1,310  feet  below 
the  Corry.  This  smaller  interval  would  take  in  most  of  the  Clarendon 
Stray  and  suggests  that  the  sand  here  called  Clarendon  Stray  may  be 
an  upper  member  of  the  Speechley  sand. 

Speechley  sand.  The  interval  between  the  Clarendon  Stray  sand 
and  the  Speechley  sand  is  occupied  by  approximately  30  feet  of  dark 
greenish-gray  shale  and  sandy  shale  with  some  interbedded,  very  fine, 
greenisli-gray  and  white  sandstone,  some  of  which  is  slightly  cal- 
careous. No  exact  correlation  has  been  made  but  it  is  thought  that 
the  Speechley  sand  may  be  the  equivalent  of  the  combined  Clarendon 
and  Gartland  sands  of  Warren. 

The  true  Speechley  sand  is  considered  to  be  the  sand  called  Speech- 
ley  on  the  Speechley  farm  at  Coal  Hill,  7 miles  southeast  of  Oil  City, 
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where  it  was  first  found  productive.  It  there  lies  approximately  1,360 
feet  below  the  'Corry  sandstone  and  is  about  80  feet  thick.  This  1,360- 
foot  interval  to  the  Corry  and  approximate  80-foot  thickness  prevails 
throughout  the  eastern  and  east-central  part  of  the  quadrangle.  In 
the  southern  part  of  the  quadrangle,  however,  is  an  area  roughly 
hounded  on  the  north  and  east  by  a line  connecting  Maple  Shade, 
Blauser  School,  Wise  School,  Kossuth  and  Criswell  School,  within 
which  0 to  50  feet  of  sand  are  added  to  the  top  of  the  Speechlev. 
This  reduces  the  interval  from  the  Corry  to  the  Speechley  to  as  low 
as  1,310  feet,  half  a mile  northeast  of  Van. 

North  of  a line  passing  through  points  approximately  one  mile 
north  of  Sawtown  and  Kapp  School  the  Speechley  sand  gradually 
thins  from  the  top  downward,  increasing  the  Corry-to-Speecldey 
interval  from  1,360  to  1,430  feet  in  a distance  of  about  two  miles. 

Along  a line  between  McPhersons  Corner  and  a point  one  mile  north 
of  Clapp  Lease  it  is  difficult  to  distinguish  between  the  Speechley  as 
represented  by  its  bottom  members  and  the  Tiona  sand  as  represented 
by  members  that  may  be  less  than  1,480  feet  below  the  Corry.  The 
Tiona  sand  will  be  discussed  later. 

In  the  extreme  northeastern  part  of  the  Oil  City  quadrangle  and 
in  adjacent  portions  of  the  Titusville,  Tidioute,  and  Tionesta  quad- 
rangles occurs  a sand  formation  up  to  80  or  more  feet  thick,  which 
is  logged  as  the  “ Balltown-Speechley ” or  “Speechley”  sand.  This 
sand  formation  lies  approximately  1,420  feet  below  the  Corry  sand- 
stone. The  upper  50  feet,  approximately,  is  a gray  sand  and  is 
generally  called  the  Balltown  sand  by  the  drillers.  This  “Balltown” 
sand  is  probably  the  lower  portion  of  the  true  Speechley  sand.  The 
bottom  30  feet,  approximately,  of  the  80-foot  sand  formation  in  this 
northeastern  part  of  the  quadrangle  is  a chocolate-colored  sand  and 
is  thought  to  be  the  Tiona  sand  although  it  is  generally  called 
“Speechley”  in  the  well  logs. 

The  true  Speechley  sand  is  commonly  made  up  of  two  members. 
In  the  area  near  Van  previously  described  as  having  a smaller  Corry - 
Speechley  interval  a third  member  may  be  present.  The  thickness 
here  reaches  a maximum  of  146  feet.  It  is  thought  that  the  upper 
member  thickens  rather  than  that  another  member  has  been  added. 

The  upper  member  of  the  Speechley  sand  is  thickest  and  best 
developed  in  the  general  area  surrounding  Van  where  the  Corry  to 
Speechley  interval  is  the  least.  Northeast  of  this  area  this  member  is 
also  well  developed  but  thinner. 
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The  main  mass  of  porous  and  permeable  Speechley  sand  lies  in  a 
northeasterly-trending  belt  5 to  7 miles  wide.  (See  Plate  VII.)  The 
northwest  edge  of  the  belt  is  an  irregular  line  connecting  Freedom, 
a point  half  a mile  south  of  Emlenton  Spur,  Maple  Shade,  McPher- 
sons Corner  and  a point  one  mile  north  of  Clapp  Lease.  Northwest  of 
this  line  the  sand  is  generally  unproductive  and  little  is  known  about 
it.  The  southeastern  limits  of  the  Speechley  sand  are  irregular  and 
not  so  clearly  defined.  The  axis  of  thickest  sand  is  a line  extending 
through  Barrs  Corner  and  Powell  Corners. 

The  Speechley  sand  is  fairly  uniform  and  is  a fine-  to  coarse-grained 
light  brown  sandstone  with  interbedded  dark  greenish-gray  shale  and 
gray  to  white,  fine-grained  sandstone.  The  sandstone  members  are 
sometimes  slightly  calcareous.  Quartz  pebbles  to  2 millimeters  in 
diameter  occur  sparingly  in  well  cuttings  from  the  top  of  the  sand 
in  a well  near  Barrs  Corner.  Pebbles  such  as  these  occur  only  locally. 
Except  locally,  the  Speechley  is  not  friable. 

Tiona  (“Speechley”)  sand.  From  0 to  50  feet  of  dark  gray  shale 
separate  the  Speechley  and  Tiona  sand. 

The  interval  between  the  top  of  the  Corry  and  the  top  of  the  Tiona 
sand  is  1,480  feet  at  Monarch  Park.  Dark  gray  shale  and  very  fine- 
grained, light  greenish-gray  sandstone  occupy  the  20-foot  interval 
below  the  Speechley  three-fourths  of  a mile  south  of  Powell  Corners. 
In  the  Monarch  Park  and  Sadlers  Corner  gas  fields  (see  Plate  VIII) 
local  additions  to  the  top  of  the  sand  reduce  the  Corrv-Tiona  interval 
to  1,450  feet.  At  that  interval  it  is  difficult  to  distinguish  the  Tiona 
from  the  Speechley  sand,  and  it  is  called  “Speechley”  in  well  logs. 

The  Tiona  sand  is  present  and  producing  gas  between  St.  Marks 
Church  and  Pitch  Pine.  The  interval  there  from  the  top  of  the  Corry 
ranges  between  1,480  and  1,500  feet.  The  thickness  of  the  sand  ranges 
from  0 to  30  feet.  On  Plate  VIII  is  shown  the  approximate  thickness 
and  extent  of  this  sand. 

Possibly  a part  of  the  Tiona  may  have  been  combined  with  the 
Speechley  where  the  latter  is  thickest.  As  can  be  seen  by  comparing 
Plates  VII  and  VIII,  the  Tiona  under  the  Speechley  gas  field  is  gen- 
erally less  than  10  feet  thick.  On  the  other  hand  a separate  sand  about 
five  feet  thick  at  the  Tiona  horizon  is  recognized  in  several  logs  in  the 
Speechley  field.  The  log  of  well  279  (see  Table  13),  half  a mile  north 
of  Pine  Hill  school,  indicates  that  10  feet  of  sand  is  present  146  feet 
below  the  top  of  the  Speechley. 

The  Tiona  sand  commonly  is  a brown  or  chocolate-colored,  fine- 
grained sand.  Locally  some  or  all  of  it  is  gray. 
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Deeper  horizons.  Records  and  locations  were  obtained  for  nine  wells 
tasting  significant  depths  below  the  Tiona  sand.  These  records  are 
published  in  Table  13  and  their  locations  shown  on  Plate  II.  These 
wells  tested  one  or  more  of  the  following  horizons : Cooper  or  Shef- 
field, Deerlick,  Bradford,  Kane,  Elk,  and  Oriskany  sands.  In  only 
one  of  these  wells  was  oil  or  gas  recorded  below  the  Tiona  sand.  The 
results  obtained  are  briefly  summarized  in  the  following  paragraphs. 

The  Stellman  well,  well  346,  one  mile  southeast  of  Rockland  P.  0. 
tested  the  Oriskany  horizon  and  found  the  sand  absent.  Descriptions 
of  samples  from  4,112  feet  to  5,055  feet  by  Charles  R.  Fettke  are 
published  as  Appendix  B.  This  well  recorded  two  sands  below  the 
Speechley.  A sand  3 feet  thick  and  1,650  feet  below  the  Corry  sand- 
stone was  called  ‘ ‘ Sheffield.  ’ ’ This  corresponds  closely  with  the  Cooper 
or  Sheffield  sand  of  Warren  and  Forest  Counties.  Another  sand,  15 
feet  thick  and  described  as  mud  and  shell,  1,740  feet  below  the  Corry 
sand  was  called  “Bradford.”  This  cori’esponds  closely  with  the  Deer- 
lick  sand  of  Warren  County. 

AVell  299,  half  a mile  southeast  of  Fern  penetrated  1,800  feet  of 
strata  below  the  Corry  sandstone.  Two  sands  were  encountered.  One 
sand,  55  feet  thick,  was  logged  ‘ ‘ Sheffield.  ’ ’ A good  sand,  5 feet  thick, 
was  logged  “Bradford.”  Both  of  these  sands  were  encountered  at  a 
slightly  less  interval  from  the  Corry  than  corresponding  sands  in  well 
346. 

Well  300,  half  a mile  southwest  of  Black  school,  tested  1,700  feet  of 
strata  below  the  Corry  sandstone.  A sand  10  feet  thick,  logged  as 
“Bradford,”  corresponds  to  the  sand  logged  as  “Sheffield”  in  wells 
346  and  299. 

Well  244,  two  miles  south  of  Seneca  penetrated  approximately  1,930 
feet  of  strata  below  the  Corry  sandstone.  Two  sands  were  struck,  one 
1,810-1,840  feet  and  the  other  1,885-1,915  feet  below  the  Corry.  No 
names  were  given.  Both  of  these  sands  are  below  the  sands  given  above 
in  wells  346  and  299.  There  seem  to  be  no  correllative  sands  in  other 
records. 

Well  356,  one  mile  west  of  Nickleville,  penetrated  about  1,700  feet 
of  formation  below  the  Corry  and  found  no  oil,  gas,  or  water  below 
the  Speechley  sand. 

Well  279,  half  a mile  north  of  Pine  Hill  School,  penetrated  about 
2,970  feet  of  strata  below  the  Corry  sandstone.  The  Speechley  and 
all  strata  below  were  barren.  Nine  sands  were  logged  below  the  Tioiia 
group  ranging  in  thickness  from  8 to  53  feet.  Some  of  these  sands 
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may  represent  the  Bradford,  Kane,  and  Elk  sands.  A sand  called 
“Bradford”  more  nearly  represents  the  Kane  sand.  One  sand  1,800- 
1,825  feet  below  the  Corry  sandstone  corresponds  closely  with  a sand 
in  well  244,  and  may  represent  the  “Bradford”  sand.  For  more  detail 
see  published  record,  Table  13. 

Well  355,  located  about  one-third  of  a mile  south  of  Billings,  pene- 
trated approximately  2,200  feet  of  strata  below  the  Corry  sandstone. 
No  commercial  production  was  encountered.  Six  sands  were  en- 
countered below  the  Tiona.  One,  a “good  brown  sand”  12  feet  thick 
about  1,660  feet  below  the  Corry  sandstone,  contained  some  gas.  This 
is  about  the  horizon  of  the  Cooper  or  Sheffield  sand.  Four  of  the  six 
sands  were  dark  in  color.  No  description  was  given  for  the  sixth  sand 
but  it  was  called  “Kane”  and  lies  in  the  approximate  position  of  the 
Kane  sand. 

Well  349,  south  of  Hill  City,  found  approximately  50  feet  of  sand 
250  feet  below  the  Speechley  or  about  1,570  feet  below  the  Corry 
sandstone.  This  sand  may  correspond  to  the  Cooper  sand  of  Forest 
County  but  was  recorded  as  “Cherry  Grove.” 

Well  360,  1.5  miles  northwest  of  Nickleville,  penetrated  about  2,250 
feet  of  strata  below  the  Corry  sandstone.  The  Tiona  sand  was  20  feet 
thick,  broken  and  barren.  All  six  sands  encountered  below  the  Tiona 
were  barren.  A sand,  15  feet  thick  and  broken,  was  logged  “Sheffield” 
sand  and  corresponds  closely  with  the  Cooper  or  Sheffield  sand.  A 
medium-hard  sand,  20  feet  thick  and  logged  as  “Deerlick”  sand,  is 
probably  equivalent  to  the  Deerlick  sand  of  Warren  County.  Four 
other  dark-colored  sands  ranging  from  15  to  18  feet  in  thickness  were 
encountered.  The  complete  record  of  this  well  is  published  in  Table  13. 

It  does  not  seem  probable  that  any  commercial  production  of  oil 
or  gas  from  strata  between  the  Tiona  sand  and  Onondaga  lime  will 
be  found  in  the  Oil  City  quadrangle. 

The  horizons  of  the  Cooper  and  Deerlick  sands  are  locally  recog- 
nizable throughout  the  greater  part  of  the  quadrangle.  It  should  also 
be  noted  that  the  horizons  of  the  Bradford  and  Kane  sands  are  recog- 
nizable in  the  eastern  part  of  the  quadrangle. 

Those  interested  in  the  possibilities  of  the  Oriskany  and  deeper 
horizons  are  referred  to  the  general  works  on  the  deeper  sands  of 
northwestern  Pennsylvania.1 

5 Fettke,  Chas.  R.,  Subsurface  stratigraphy  of  northwestern  Pennsylvania:  Penna. 
Topog.  and  Geol.  Survey,  Progress  Report  114  (1935). 

Fettke,  Chas.  R.,  Subsurface  studies  of  deep  oil  and  gas  sand  explorations:  Producer’s 
Monthly  (June  1940).  pp.  24-37. 

Cathcart,  S.  H.,  Supplementary  record  of  deep  sand  wells  in  Pennsylvania : Penna. 
Topog.  and  Geol.  Survey,  Progress  Report  117  (1937). 

Fettke,  Chas.  R.,  Subsurface  sections  across  western  Pennsylvania  : Penna.  Topog.  and 
Geol.  Survey  Progress  Report  127  (1941). 
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SURFACE  STRUCTURE 

REGIONAL  STRUCTURE 

Structurally,  tlie  Oil  City  quadrangle  is  in  the  northwestern  part  of 
the  Appalachian  foreland.  This  foreland  lies  west  and  north  of  the 
closely  folded  and  faulted  Appalachian  Mountains.  It  is  a broad, 
gentle,  spoon-shaped  synclinorium,  whose  long  axis  extends  in  a north- 
easterly and  southwesterly  direction,  and  whose  lowest  part  is  in 
northwestern  West  Virginia.  This  quadrangle  lies  about  50  miles 
northwest  of  the  axis  of  the  synclinorium. 

The  southeastern  part  of  this  foreland  basin  is  characterized  by  a 
series  of  rather  prominent  northeast-trending  anticlinal  and  synclinal 
folds.  In  the  northwestern  part  of  the  foreland  the  folds  have  so 
diminished  in  magnitude  that  their  detection  and  tracing  are  best 
accomplished  by  determining  elevations  on  selected  “key”  rock  layers 
at  many  points.  The  dominant  structural  feature  in  this  part  of  the 
foreland  is  a general  southward  inclination  or  regional  dip.  (See 
Figure  5.) 

LOCAL  STRUCTURE 

The  surface  structure  map  of  the  Oil  City  quadrangle,  Plate  I, 
shows  the  elevation  above  sea  level  of  the  top  of  the  Corrv  sandstone 
by  means  of  25-foot  contours.  In  the  preparation  of  this  map  eleva- 
tions were  determined,  by  Paulin  altimeter  and  by  spirit  level,  on  the 
top  of  the  Corry  at  its  outcrop  along  Oil  Creek  and  the  Allegheny 
River.  Elsewhere  throughout  the  quadrangle  the  'Corry  lies  below 
drainage  level  and  it  was  necessary  to  map  the  structure  of  the  higher 
beds  and,  by  subtracting  the  proper  interval,  refer  their  structure  to 
the  Corry.  In  the  southern  part  of  the  quadrangle  the  Vanport  lime- 
stone, or  its  chert,  and  the  Lower  Clarion  coal  were  the  beds  most  fre- 
quently used  in  the  structure  mapping.  In  the  northern  part  of  the 
quadrangle  the  Pottsville  and  Shenango  sandstones  are  the  only  beds 
available,  except  within  the  Oil  Creek  and  Allegheny  River  valleys, 
and  were  used  to  determine  the  structure.  All  available  surface  data 
throughout  the  quadrangle  were  assembled,  adjusted  locally  to  con- 
form with  the  oil  sand  structure  where  the  latter  was  considered  more 
reliable,  and  referred  to  a common  horizon,  the  Corry  sandstone. 

Although  it  is  recorded  in  only  a few  of  the  wells  that  penetrate  it, 
the  Corry  was  chosen  for  the  reference  horizon  because  it  is  probably 
present,  at  or  near  the  surface,  in  most  of  the  quadrangle  and  because 
this  is  the  bed  used  in  mapping  the  quadrangles  west  and  northeast 
of  the  Oil  City  quadrangle.  A 25-foot  contour  interval  was  used 
rather  than  the  10-  or  20-foot  interval  used  to  represent  the  oil  sand 
structure,  largely  because  most  of  the  other  surface  structure  maps 
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of  western  areas  published  by  the  Pennsylvania  Geological  Survey 
are  on  this  25-foot  interval. 

As  can  be  seen  from  the  surface  structure  map,  the  Corry  sandstone 
descends  about  350  feet  in  a southerly  direction  in  about  17.3  miles,  an 
average  inclination  of  about  21  feet  per  mile.  This  is  approximately 
the  same  average  regional  dip  as  across  the  Tidioute,  Titusville,  and 
Hilliards  quadrangles  but  is  nearly  twice  that  across  the  Franklin 
quadrangle. 
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Figure  5 — Surface  structure  of  the  Venango  district. 
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The  most  prominent  fold  in  this  quadrangle  is  an  anticline  that 
extends  from  the  southwest  corner  of  the  quadrangle  northeasterly 
toward  Gilson  School.  It  is  most  prominently  developed  between  Fern 
Bank  and  Wrights  Siding  and,  for  convenience,  is  here  designated  the 
“Fern  Bank”  anticline.  A dome  with  about  30  feet  of  closure  is 
developed  on  this  anticline  about  a mile  northwest  of  Wrights  Siding. 

The  syncline  northwest  of  the  Fern  Bank  anticline  is  also  quite 
prominent  and  extends  from  Stanleys  Corner  southwesterly  to  the 
edge  of  the  quadrangle  west  of  Carl  and  thence  into  the  Franklin 
quadrangle.  It  is  the  deepest  syncline  in  the  quadrangle  and  is  here 
designated  the  “Carl”  syncline.  It  is  deepest  west  of  Carl  where  a 
structural  basin  with  about  25  feet  of  closure  is  developed.  Although 
very  prominent  in  the  southwestern  part  of  the  quadrangle,  neither  the 
Carl  syncline  nor  the  adjoining  Fern  Bank  anticline  is  extensive  in 
the  direction  of  their  trend.  They  are  short,  local  folds,  steep  for  this 
part  of  Pennsylvania,  in  which  the  deepest  part  of  the  syncline  ad- 
joins on  the  northwest  the  highest  part  of  the  anticline. 

The  syncline  southeast  of  the  Fern  Bank  anticline  extends  from  the 
vicinity  of  Coal  Hill  southwesterly  through  Carnes  School  thence  in 
a southerly  direction  through  Lamberton  School.  At  no  place  is  it  as 
deep  as  the  Carl  syncline. 

A gentle  anticline  extends  from  Eagle  Rock  southeasterly  through 
Hampton  Station  and  Pine  Hill  School  to  the  vicinity  of  Pitch  Pine. 
The  northwest-southeast  trend  of  this  anticline  is  particularly  note- 
worthy. The  syncline  adjoining  this  anticline  on  the  northeast  ex- 
tends from  President  southeasterly  through  Clapp  Lease  thence  to 
the  edge  of  the  quadrangle  east  of  Kapp  School.  It  apparently  con- 
tinues its  southeasterly  trend  across  the  southwestern  part  of  the 
adjoining  Tionesta  quadrangle  to  Concord  Church  in  the  northwestern 
part  of  the  Clarion  quadrangle. 

Faults  of  small  displacement  definitely  occur  at  one  and  probably 
at  several  localities  in  the  quadrangle.  In  the  railroad  cut  0.1  mile 
northwest  of  the  mouth  of  Shaw  Run  near  Fern  Bank  a normal  fault 
of  about  10  feet  displacement  is  well-exposed  in  the  “B”  sandstone 
member  of  the  Shenango.  As  nearly  as  could  be  determined  this  fault 
strikes  N.  40°E.,  essentially  parallel  with  the  trend  of  Fern  Bank 
anticline.  The  fault  is  downthrown  to  the  northwest  and  the  fault 
plane  dips  at  about  55°  to  the  northwest. 

In  a recent  shallow  road  cut  about  half  a mile  north  of  Seneca  a 
fault  of  small  displacement  apparently  occurs  in  the  upper  Mercer 
beds  poorly  exposed  here.  Outcrops  sufficient  to  prove  this  fault  are 
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not  present  but  it  is  indicated  by  locally  steep  and  irregular  dips  and 
by  the  apparent  abruptness  with  which  beds  thought  to  be  equivalent 
are  about  10  feet  higher  on  the  north  of  the  zone  than  on  the  south. 
Further  suggestive  of  faulting,  upthrown  to  the  northwest,  in  this 
vicinity  is  the  abrupt  bending  of  the  925-Corry  contour  between 
Seneca  and  Salina.  This  contour  is  controlled  in  this  area  by  some 
seven  wells  in  the  logs  of  which  the  Corry  sand  is  recorded. 

Along  the  cliffs  south  of  the  Allegheny  River  about  1 mile  southeast 
of  the  city  limits  of  Oil  City  the  'Cuyahoga  shales  are  intricately  folded 
locally.  Dips  up  to  20°  or  more  occur.  Actual  fault  displacement  of 
the  beds  was  not  seen  here  but  the  entire  zone  is  very  suggestive  of 
the  surface  expression  of  deeper  faulting. 

It  is  noteworthy  that  the  three  faults,  or  probable  faults,  mentioned 
above  all  lie  in  a general  N.  10°E.-trending  zone  and  that  the  small 
reverse  fault  at  Miller  Farm,  as  described  by  Dickey  1 in  the  report 
on  the  Titusville  quadrangle,  is  on  a continuation  of  this  zone.  The 
individual  faults  of  this  suggested  zone  strike,  so  far  as  known,  more 
easterly  than  the  zone.  The  Fern  Bank  fault  is  normal  and  down- 
thrown  to  the  northwest  while  the  Miller  Farm  fault  is  reverse  and  up- 
thrown  to  the  northwest.  It  is  entirely  possible  that  all  these  faults 
are  the  surface  expression  of  a single  deep-seated  fault  zone. 

SUBSURFACE  STRUCTURE 

STRUCTURE  OF  VENANGO  SECOND  AND  KNOX  THIRD  SANDS 

The  subsurface  structure  map  of  the  Oil  City  quadrangle,  Plate  IV, 
shows  the  elevation  above  sea  level  of  the  top  of  the  Venango  Second 
and  the  Knox  Third  sands  by  means  of  20-foot  contours.  In  the  pre- 
paration of  this  map  the  elevations  of  about  2,000  wells  were  deter- 
mined. South  of  the  Allegheny  River  most  of  the  elevations  were 
determined  barometrically.  The  most  accurate  (Paulin)  instruments 
were  used,  and  the  readings  were  corrected  for  temperature  and 
weather  changes.  Experience  has  shown,  however,  that  elevations 
so  determined  may  be  15,  or  even  more,  feet  in  error  if  the  locations 
are  more  than  one  mile  horizontally  or  200  feet  vertically  from  the 
reference  bench  mark.  In  many  instances  the  wells  of  this  quadrangle 
are  a mile  or  more  removed  or  over  200  feet  vertically  different  from 
the  reference  elevations  established  by  the  U.  S.  Geological  Survey. 
In  such  cases  the  elevations,  and  therefore  the  structure,  may  be  as 
much  as  15  or  20  feet  in  error.  North  of  the  Allegheny  River  numer- 
ous lines  of  spirit  level  elevations  were  run  with  the  alidade,  which 
establish  the  structure  in  that  part  of  the  quadrangle  to  a probable 


1 Dickey,  Parke  A.,  op.  cit.  p.  15. 
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error  of  less  than  10  feet.  In  this  latter  area,  therefore,  contour  lines 
on  the  Second  sand  have  been  drawn  at  10-foot  intervals. 

Correct  correlation  of  the  sands  recorded  in  the  wells  is,  of  course, 
essential  to  the  correct  representation  of  their  structure.  Electric 
logs  and  all  other  data  available  were  used  in  the  correlations  of  the 
sands  of  this  quadrangle.  It  has  been  found  in  the  course  of  the  de- 
tailed mapping  of  the  Venango  district  that  the  drillers’  correlations 
are  usually  dependable  on  the  producing  sand  within  any  single  pool. 
In  passing  from  one  pool  to  another,  or  in  recording  a sand  that  is  not 
productive,  the  names  of  the  sands  are  apt  to  be  erroneously  applied. 
Careful  study  of  all  intervening  records  generally  will,  but  some- 
times may  not,  establish  the  true  correlations.  An  illustration  of  the 
difficulty  in  establishing  true  correlations  may  be  seen  by  comparing 
the  structure  of  the  Knox  Third  sand  along  the  north  edge  of  the 
Foxburg  quadrangle  1 with  the  south  edge  of  the  Oil  City  map  (Plate 
IV).  Within  the  area  where  the  Ivnox  Third  is  the  principal  produc- 
ing sand  the  contours  match  closely.  To  the  west,  where  the  Knox 
Third  is  missing  and  the  Second  sand  is  not  a producing  horizon,  the 
structure  as  mapped  by  Shaw  and  Munn  does  not  agree  with  the  pres- 
ent report.  No  attempt  has  been  made  to  reconcile  the  maps.  It  is 
believed,  however,  that  the  Oil  City  structure  map  is  based  on  more 
data  than  the  Foxburg  structure  map  and  that  the  elevation  of  the 
horizon  of  the  Second  sand  in  this  doubtful  area  is  correct  as  shown 
to  within  one  contour  interval. 

The  Second  sand  was  chosen  as  the  key  bed  for  the  structure  of  the 
Venango  group  because  it  is  generally  the  most  consistent  and  recog- 
nizable horizon  in  the  Venango  district.  Where  productive,  in  the 
northwest  corner  of  the  quadrangle,  its  top  and  bottom  are  very  per- 
sistent markers.  The  Second  sand  is  present  over  most  of  the  remainder 
of  the  quadrangle  except  the  extreme  southeastern  part  and  in  Tio- 
nesta  Township  in  the  northeastern  part.  Outside  its  producing  terri- 
tory, however,  it  is  variable,  especially  at  the  top,  and  is  generally 
not  recorded  bjr  the  drillers.  North  of  the  Allegheny  River  its  upper 
15  feet  is  red  shaly  sandstone  sometimes  included  by  the  drillers  and 
sometimes  excluded  in  their  measurements  of  the  sandstone.  The  con- 
tours are  drawn  to  include  this  upper  15  feet.  South  of  the  Allegheny 
River,  as  in  Cranberry  Township,  the  Second  sand  thickens  by  the 
addition  of  about  20  feet  of  sandy  beds  at  the  top.  This  20  feet  of 
sand  lies  above  the  top  of  the  productive  Second  sand  to  the  north 
and,  therefore,  lies  above  the  top  of  the  sand  as  contoured  in  Cran- 
berry Township. 

1 Shaw,  E.  W.  and  Munn,  M.  J.,  Coal  oil  and  gas  of  the  Foxburg  Quadrangle,  Penn- 
sylvania; U.  S.  Geol.  Survey  Bull.  454,  1911. 


SUBSURFACE  STRUCTURE 


51 


The  Gray  sand  is  productive  throughout  most  of  Cranberry,  Pine- 
grove  and  Rockland  Townships  in  two  divergent  belts  (see  Gray  sand 
map,  Plate  V).  The  Second  sand  structure  in  these  areas  is  controlled 
entirely  by  elevations  on  top  of  the  Gray  sand,  assuming  that  the  in- 
terval between  the  top  of  the  Second  sand  and  the  top  of  the  Gray 
sand  is  115  feet.  The  Second  Sand  contour  map  in  this  part  of  the 
quadrangle  is,  therefore,  a structure  map  of  the  Gray  sand  with  the 
elevations  shown  115  feet  above  the  Gray  sand.  The  contours  were 
drawn  at  the  horizon  of  the  Second  sand  to  give  a better  picture  of  the 
structure  of  the  entire  area. 

In  Clarion  County,  in  the  southeastern  part  of  the  quadrangle,  the 
Second  sand  is  not  recognizable  as  a stratigraphic  unit.  In  this  area 
the  Ivnox  Third  sand  is  the  main  productive  horizon.  As  explained 
above  (Venango  Group,  p.  28)  it  is  not  possible  to  correlate  ex- 
actly the  Knox  Third  sand  with  any  of  the  Venango  sands,  although  it 
can  be  determined  that  it  lies  about  430  feet  below  the  Corry  sand- 
stone. It  thus  lies  about  65  feet  below  the  horizon  of  the  Second  sand. 
However,  since  the  Second  sand  is  absent,  and  exact  correlation  is 
impossible,  it  would  be  erroneous  and  misleading  to  show  the  struc- 
ture in  Clarion  County  by  means  of  structure  contours  on  the  Second 
sand.  For  studies  of  regional  structure  either  the  Corry  contour 
map  may  be  used,  or  65  feet  may  be  added  to  the  elevations  of  the 
Knox  Third  sand. 

As  may  be  seen  by  a comparison  of  Plates  I and  IV  the  structure 
of  the  subsurface  Venango  group  is  essentially  parallel  with  that  of 
the  Corry  sandstone.  Locally  it  differs  in  detail  but  in  general  the 
two  are  parallel.  The  Corry  structure  may,  therefore,  be  used  with 
reasonable  confidence  in  predicting  the  structure  of  the  Venango 
group  where  sufficient  well  records  to  determine  the  latter  are  not 
available. 

STRUCTURE  OF  THE  SPEECHLEY  SAND 

The  subsurface  structure  of  the  Speechley  sand  throughout  the 
Speechley  gas  field  is  shown  on  Plate  VII.  The  horizon  contoured  on 
this  structure  map  is  the  top  of  the  true  Speechley  sand  which  lies 
about  1,360  feet  below  the  Corry  sandstone.  In  the  southwestern  part 
of  the  Speechley  gas  field,  as  explained  on  page  42,  the  top  of  the 
productive  sand  lies  about  50  feet  above  this  horizon,  and  in  the  north- 
ernmost part  of  the  field  the  top  of  productive  sand  lies  60  feet  or  less 
below  this  horizon.  The  contours  of  Plate  VII  were  drawn,  as  nearly 
as  possible,  on  the  horizon  of  the  top  of  the  true  Speechley.  They  are 
structure  contours  but  do  not,  in  the  areas  mentioned  above,  depict 
the  exact  attitude  of  the  top  of  the  productive  sand. 
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As  can  be  seen  by  a comparison  of  Plate  VII  with  Plates  I and  IV 
the  Speechley  structure  is  approximately  parallel  with  that  of  the 
Corry  sandstone  and  that  of  the  Second  Venango  sand.  Apparently 
the  dome  on  the  Fern  Bank  anticline  in  the  southwestern  part  of  the 
quadrangle  has  less  closure  on  the  Speechley  than  on  the  higher  hor- 
izons but  this  is  not  certain  because  the  available  control  is  not  suffi- 
cient to  be  sure  that  the  —440  Speechley  contour  does  not  close  near 
Maple  Shade.  Minor  differences  between  the  structure  of  the  Speech- 
ley  and  the  higher  beds  occur  in  several  other  parts  of  the  quadrangle, 
notably  along  the  anticline  south  of  Hampton  Station.  The  data  in- 
dicate that  about  5 feet  of  structural  closure  occurs  on  this  anticline 
midway  between  Sawtown  and  Pine  Hill  School. 

OIL  PRODUCTION 

HISTORICAL  SKETCH 

The  first  well  drilled  for  oil  in  the  United  States  was  completed  by 
E.  L.  Drake  August  27,  1859,  about  12  miles  north  of  Oil  City.1  The 
discovery  of  large  quantities  of  oil  caused  great  excitement,  and  within 
a few  months  land  was  leased  and  developments  under  way  down  Oil 
Creek  from  Titusville  to  Oil  City.  The  first  producing  well  in  the  Oil 
City  quadrangle  was  drilled  by  Brewer,  Watson,  and  Co.  on  the 
Hamilton  McClintock  farm  (at  McClintockville)  which  came  in  in 
November  1859. 2 


Figure  6 — Rouseville  in  1867. 

Photograph  by  J.  A.  Mather.  Original  in  Drake  Well  Memorial. 

1 Dickey,  Parke  A.,  Oil  geology  of  the  Titusville  Quadrangle  : Penna.  Topog.  and  Geol. 
Survey,  Bull.  M-22,  p.  41,  1940. 

“Venango  Spectator,  Nov.  16,  1859. 
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By  the  end  of  1860  there  were  74  producing  wells,  with  a total  pro- 
duction of  about  1,165  barrels  daily.  Most  of  these  wells  were  along 
Oil  Creek.'  The  first  flowing  well  was  drilled  in  April  1861  on  the 
John  Buchanan  farm  at  Rouseville.  An  account  of  the  explosion  and 
fire  will  be  given  in  a later  chapter  (p.  114).  Almost  the  whole  valley 
of  Oil  Creek  from  the  Tarr  farm  (above  Rynd  Farm)  to  the  present 
limits  of  Oil  City  proved  richly  productive. 

Oil  production  increased  to  over  5,000  barrels  daily  in  1861.  This 
abundance  of  oil  and  a market  as  yet  undeveloped  depressed  the 
price  to  10  cents  per  barrel  at  the  end  of  the  year.  This  was  the  first 
of  the  economic  vicissitudes  that  have  plagued  oil  producers  down 
to  the  present  day.  A group  of  landowners  and  operators  met  at 
Rouseville  on  November  14,  1861,  and  agreed  to  restrict  production 
until  the  price  reached  $4  per  barrel.  By  the  end  of  1862  the  price 
had  reached  that  figure,  although  the  increase  appears  to  have  been 
due  less  to  any  deliberate  “proration”  than  to  the  natural  decline  of 
the  flowing  wells,  and  especially  to  expanding  markets.  Activity  re- 
vived, and  large  wells  were  brought  in  along  Oil  Creek  until  about 
1863.  In  1864  a well  drilled  by  William  Reed  two  miles  above  the 
mouth  of  Cherry  Run  flowed  300  barrels  per  day,  and  caused  a great 
deal  of  activity  in  its  vicinity.  The  following  year  activity  spread 
some  distance  from  Oil  Creek  valley,  and  most  of  the  Third  Sand 
pools  in  the  northern  part  of  the  quadrangle  were  developed.  The 
presence  of  oil  in  the  Second  sand  was  recognized,  but  as  the  wells 
did  not  flow,  little  attention  was  paid  to  it. 

The  year  1865  saw  a great  speculative  boom,  followed  by  a depres- 
sion in  1866  and  1867.  Many  small  producing  wells  were  abandoned, 
and  drilling  on  8,000  rigs  is  said  to  have  been  suspended.  Exploration 
activity  continued,  however,  and  large  wells  were  completed  in  the 
vicinity  of  Petroleum  Center  and  Pioneer  (one  and  two  miles,  re- 
spectively, north  of  the  north  border  of  the  Oil  City  quadrangle). 
As  the  depression  deepened  in  1867  many  of  the  recently  drilled  wells 
were  abandoned.  The  following  year  saw  a gradual  recovei’y.  The 
scenes  of  wild  excitement  shifted  to  Shamburg,  Pleasantville  (in  the 
Titusville  quadrangle)  and  Tidioute  (Tidioute  quadrangle). 

From  1868  to  1895  development  proceeded  in  a more  orderly  man- 
ner, although  at  rates  that  differed  greatly  as  influenced  by  the  cur- 
rent price  of  oil.  Development  of  the  Second  Sand  pool  north  of  Oil 
City  commenced  in  1870,  although  general  drilling  up  did  not  take 
place  until  the  late  1880 ’s.  The  drilling  of  large  flowing  wells  in  the 
Egypt  Corners  pool  near  Cranberry  caused  a mild  flurry  in  1884,  and 
several  moderately  large  wells  on  Cogley  Run,  near  Fern,  caused  a 
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considerable  boom  in  1885.  The  Red  Valley  pool  (south  of  Rockland 
in  the  Foxburg  quadrangle)  was  discovered  the  same  year.  A con- 
siderable boom  Avas  caused  by  the  discovery  of  the  Hill  City  (Tarkiln) 
pool  in  1886,  which  was  shortlived  because  of  the  small  extent  of  the 
field. 

During  the  1890 ’s  the  operators  were  content  with  wells  of  smaller 
initial  production,  and  steady  development  of  the  Second  and  Gray 
Sand  pools  took  place. 

The  Speechley  sand  was  discovered  in  1885,  and  a market  for  gas 
being  provided  by  Oil  City,  development  of  the  pool  was  rapid  and 
has  continued  almost  uninterruptedly  to  the  present  time  by  the  drill- 
ing of  inside  locations.  Frequently  a well  drilled  for  the  Speechley 
encountered  oil  in  the  Red  Valley  sand,  which  induced  drilling  of 
oil  wells  in  its  vicinity.  No  new  pools  of  any  consequence  haim  been 
discovered  since  1890,  although  there  have  been  frequent  extensions 
of  knoAvn  pools. 

Those  who  wish  to  inquire  further  into  the  history  of  the  oil  in- 
dustry and  of  petroleum  technology  are  referred  to  Carll’s  volumes,1 
which  should  be  read  by  anyone  interested  in  the  early  development 
of  the  oil  industry.  A very  authoritative  and  readable  account  of  the 
early  days  of  the  oil  industry  is  “The  Birth  of  the  Oil  Industry”  by 
Paul  H.  Giddens  (1938),  which  contains  an  extensive  bibliography. 
One  of  the  most  useful  of  the  contemporary  books  is  “Petrolia:  A 
Brief  History  of  the  Pennsylvania  Petroleum  Region,”  by  Andreii7 
Cone  and  Walter  R.  Johns,  published  by  Appleton  in  1870.  It  con- 
tains a survey  of  all  the  oil-producing  farms  and  their  status  in  the 
late  1860 ’s.  “Derrick’s  Handbook  of  Petroleum”  (Oil  City,  1898) 
gives  a day-by-day  abstract  of  significant  developments  in  the  oil  and 
gas  industry  from  1859  to  1898. 

Most  of  the  techniques  of  drilling,  producing,  transporting,  and 
refining  oil  were  evolved  in  the  Oil  City  and  adjoining  quadrangles 
in  the  last  half  of  the  nineteenth  century. 

Oil  men  from  Venango  County  went  to  all  parts  of  the  world,  be- 
ginning about  1875.  The  fields  of  Texas,  Oklahoma,  and  California 
were  developed  by  Pennsylvania  men,  and,  in  large  part,  with  Penn- 
sylvania capital.  The  same  is  true  of  the  oil  fields  of  Russia,  Burma, 
and  Peru,  Avhich  were  developed  by  Pennsylvanians  before  1890. 

1 Carll,  John  F.,  Report  of  Progress  in  the  Venango  County  District:  Second  Geol. 
Survey  of  Penna.,  Report  I (1875). 

Geology  of  the  Oil  Regions:  Penna.  Second  Geol.  Survey  Report  III  (1880). 

Oil  -well  records  and  Levels:  Penna.  Second  Geol.  Survey  Report  II  (1877). 

Seventh  Report  on  the  Oil  and  Gas  Fields : Penna.  Second  Geol.  Survey  Report  I 5 
(1890). 
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Figure  7 — Oil  boats  at  mouth  of  Oil  Creek. 

Photograph  by  J.  A.  Mather.  Original  in  Drake  Well  Memorial. 


The  principles  of  oil  reservoir  performance  were  worked  out  and 
enunciated  by  the  geologists  of  the  Second  Geological  Survey,  espe- 
cially by  John  F.  Carll,  who  was  oil  and  gas  geologist  for  that  Survey 
between  1870  and  1886.  T.  V.  Moore  1 in  a recent  paper  stated  “Some 
of  the  early  geologists,”  referring  principally  to  John  F.  Carll, 
“enunciated  important  principles  which  might  have  served  as  a basis 
for  the  development  of  sound  conceptions  of  the  mechanism  of  petro- 
leum production  had  not  the  technical  talent  within  the  industry  de- 
voted its  efforts  entirely  to  improvements  in  equipment  and  in  the 
practice  of  drilling  wells  and  of  lifting  oil  to  the  surface.”  Knowledge 
of  how  oil  travels  from  the-  reservoir  to  the  wells  was  nearly  extin- 
guished during  a dark  age  lasting  about  30  or  40  years. 

Not  only  were  the  Venango  fields  the  scene  of  the  early  develop- 
ment of  petroleum  engineering  thought  and  practice,  but  they  have 
been,  in  large  part,  the  scene  of  the  “renaissance”  that  succeeded 
the  “dark  ages”  during  the  1920’s. 

The  secondary  methods  of  producing  oil,  using  water,  air,  or  gas 
were  first  attempted  in  this  district.  One  of  the  earliest  comprehen- 
sive and  practical  studies  of  secondary  methods  was  made  by  R.  B. 

'Moore,  T.  V.,  A review  of  the  principles  of  reservoir  performance:  Presented  to 
American  Petroleum  Institute,  May  29,  1940.  Oil  Weekly,  June  3,  1940,  pp.  15-18. 


56 


OIL  CITY  QUADRANGLE 


Bossier  for  the  Pennsylvania  Geological  Survey  in  1921,  which  was 
published  in  part  as  Progress  Report  56  of  this  Survey  in  1923. 

The  first  core  of  an  oil  sand  in  Pennsylvania  was  taken  by  the  North- 
western Oil  Producers  Association  at  Bradford  in  1924,  and  the  fol- 
lowing year  the  Brundred  Oil  Corp.  took  several  cores  in  the  Venango 
fields.  In  the  spring  of  1926  the  Brundred  Oil  Corp.  took  more  cores, 
and  these  were  studied  by  Dr.  Charles  R.  Fettke  of  the  Carnegie  In- 
stitute of  Pittsburgh  and  Cooperating  Geologist  of  the  Pennsylvania 
Geological  Survey.  He  adapted  a technique  used  in  assaying  oil 
shales,  and  made  the  first  determinations  of  the  oil  and  water  content 
of  an  oil  sand.  The  techniques  developed  by  Dr.  Fettke  and  others 
have  formed  the  basis  of  our  rapidly  expanding  knowledge  of  oil 
reservoir  performance.  Extracts  from  his  report  are  included  here 
on  pp.  60,  96-99. 

When  this  work  was  done  it  was  generally  believed  that  virgin  oil 
sands  were  100  percent  saturated  with  oil.  Although  Dr.  Fettke 
thought  that  much  of  the  water  in  the  cores  may  have  entered  during 
the  drilling,  he  was  the  first  to  point  out  that  there  was  no  justifica- 
tion for  the  assumption  that  the  entire  pore  volume  was  originally 
filled  with  oil.  It  was  not  until  more  than  ten  years  later  that  the  sig- 
nificance of  these  facts  became  generally  realized.1 

Statistics  on  Oil  Production  in  Venango  County 

According  to  the  Bureau  of  Statistics,  Pennsylvania  Department 
of  Internal  Affairs,  there  were  24,276  producing  oil  wells  in  Venango 
County  on  December  31,  1939. 2 During  that  year  977,751  barrels  of 
oil  were  produced,  an  average  of  40  barrels  per  well  per  year.  The 
value  of  the  oil  produced  in  1941,  about  1,000,000  barrels  at  $2.53, 
the  average  price  for  that  year,  was  about  $2,500,000. 

Estimating  the  average  investment  per  well  at  $1,000,  the  total  in- 
vestment in  producing  oil  properties  in  Venango  County  is  about 
$25,000,000.  Probably  about  1,500  men  are  directly  engaged  in  the 
production  of  crude  oil  in  the  county. 

In  addition  to  the  producing  branch  of  the  oil  industry,  there  are 
several  refineries  within  the  county.  As  reported  to  the  Bureau  of 
Statistics  for  the  year  1938,  these  establishments  represented  an  in- 
vestment of  $14,013,400,  and  employed  1,215  persons,  with  total  wages 
of  $2,092,600.  The  value  of  gasoline  and  lubricants,  including  wax 
and  miscellaneous  products,  was  $19,790,800. 

1 Schllthuis,  Ralph  J.,  Connate  water  in  oil  and  gas  sands:  Trans.  A.  I.  M.  E.,  vol.  127 
(1938). 

2 These  figures  were  reported  to  the  State  by  the  principal  pipe  line  companies.  There 
is  some  question  whether  they  are  correct,  as  the  number  of  wells  on  a lease  reported 
on  the  gauger's  run  slip  is  frequently  left  unchanged  in  spite  of  abandonments  or  new 
drilling.  Oil  production  statistics,  also  reported  by  the  pipe  line  companies,  are  prob- 
ably substantially  correct. 
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The  same  source  lists  the  total  number  of  wage  earners  in  Venango 
County  as  4,330.  Some  of  those  engaged  in  oil  production  are  prob- 
ably not  included,  but  the  importance  of  the  producing  and  refining 
of  crude  oil  to  the  economy  of  the  county  is  clear.  Approximately 
half  the  wage  earners  derive  their  income  from  it. 

According  to  the  estimates  made  by  the  Geological  Survey  there  are 
about  92,000  acres  of  oil-producing  territory  in  Venango  County.  The 
average  well  spacing  is  therefore  3.8  acres  per  well. 

PRESENT  ECONOMIC  CONDITION  OF  THE  OIL  INDUSTRY 

The  daily  oil  production  per  well  of  the  oil  fields  in  the  Oil  City 
quadrangle  has  declined  until  the  average  is  now  about  0.1  barrel. 
With  the  increased  cost  of  labor  and  machinery  in  recent  years,  most 
properties,  except  a few  that  have  been  stimulated  by  air  or  gas 
drives,  are  operated  either  at  a loss  or  at  an  out-of-pocket  lifting  ex- 
pense which  is  barely  covered  by  the  price  of  oil,  leaving  little  or 
nothing  for  improvements,  or  even  necessary  maintenance  of  equip- 
ment. This  is  in  part  because  of  the  inevitable  exhaustion  of  the  oil, 
in  part  the  increasing  costs,  and  in  part  it  is  the  fault  of  the  operators 
themselves. 

During  the  last  two  decades  the  owners  of  some  of  the  larger  com- 
panies received  considerable  income  from  the  sale  of  oil.  In  view  of 
the  well  known  fact  that  the  production  of  most  oil  wells  will  decline 
at  a rate  that  may  easily  be  predicted,  most  of  this  money  should  have 
been  spent  in  improvements  and  development  work  to  offset  this  de- 
cline. Such  expenditures  to  reestablish  the  depletion  of  the  reservoir 
are  necessary  and  legitimate  expenses  on  the  part  of  any  company. 
They  were  not,  however,  made  by  the  great  majority  of  the  oil  pro- 
ducers of  the  Venango  district,  who  now  find  themselves  faced  with 
the  necessity  of  abandoning  their  wells  and  source  of  livelihood.  This 
will  cause  great  hardship  to  those  dependent  on  the  oil  industry. 
Furthermore,  the  gradual  disappearance  of  the  oil  producing  and 
refining  industries  will  be  a serious  blow  to  the  economy  of  the  State. 
The  abandonment  of  a field  often  results  in  the  irreparable  loss  of 
large  quantities  of  oil,  which,  from  the  point  of  view  of  the  conserva- 
tion of  the  natural  resources  of  the  Commonwealth,  is  greatly  to  be 
deplored. 

The  more  widespread  use  of  modern  secondary  recovery  methods 
would  unquestionably  put  most  of  the  oil  pools  on  a sound  economic 
basis.  Some  pools  probably  have  too  little  residual  oil  or  too  many 
unfavorable  sand  conditions  (such  as  too  low  or  too  irregular  per- 
meabilities, too  much  or  too  little  connate  water)  ever  to  repay  the 
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investment  required  to  install  gas,  air,  or  water  drives.  Most  of  the 
richer  pools  could  be  operated  profitably.  Much  care  and  good  tech- 
nical direction  should  be  exercised  in  the  choice  of  a locality  and  in 
planning  its  secondary  development.  It  is  believed  that  the  informa- 
tion in  this  report  will  be  of  material  help  in  directing  the  expenditure 
of  money  and  materials  on  secondary  recovery  developments  in  the 
places  where  it  will  be  most  effective  in  recovering  oil. 

Most  of  the  companies  now  producing  oil  have,  however,  neither 
the  capital  nor  the  trained  personnel  to  install  successful  secondary 
recovery  operations.  A material  increase  in  the  price  of  oil  would 
have  the  double  effect  of  making  the  capital  available  and  prolonging 
the  economic  life  of  the  unstimulated  wells. 

Outlook  for  the  Future 

It  is  always  dangerous,  and  perhaps  foolish,  to  speculate  on  long- 
term economic  trends,  particularly  in  a period  of  world  upheaval.  The 
oil  producers  of  the  Venango  district  find  themselves  at  present  in  a 
critical  situation,  and  perhaps  a few  words  on  the  possible  future 
may  not  be  out  of  place. 

There  seems,  in  the  spring  of  1943,  to  be  little  likelihood  of  a price 
increase  sufficient  to  put  the  whole  oil  industry  on  a profitable  basis. 
In  the  past,  Pennsylvania  crude  oil  has  enjoyed  a price  about  twice 
that  of  western  crude  oils.  This  is  because  Pennsylvania  crude  oil 
contains  more  lubricating  fraction  per  barrel,  and  because  the  lubri- 
cating products  are  not  only  inherently  superior  in  many  respects 
to  those  from  western  crudes,  but  they  may  more  easily  and  cheaply 
be  refined  and  prepared  for  marketing.  In  recent  years  there  have 
been  great  advances  in  refinery  technology,  and  it  is  now  possible  to 
make  lubricating  oil  from  western  crudes  which  is  in  some  respects 
equal  to  that  made  from  Pennsylvania  crude.  The  low  price  of  wes- 
tern crude  and  the  large  volumes  available  tend  to  offset  the  advan- 
tage of  Pennsylvania  crude  in  its  large  lubricating  fraction  and  ease 
of  refining. 

It  is  probable  that  Pennsylvania  crude  will  always  sell  for  a better 
price  than  western  crudes.  The  differential,  however,  will  probably 
decrease.  The  decrease  in  differential  may  be  brought  about  by  a 
lowering  of  the  price  of  Pennsylvania  crude.  It  might  also  be  de- 
creased by  a rise  in  price  of  western  crudes.  At  present,  it  appears 
that  there  is  less  likelihood  of  the  frequent  discovery  of  large  fields  in 
the  west.  As  production  declines,  lifting  costs  increase,  and  eventually 
the  cost  of  producing  western  crude  will  approach  that  of  producing 
Pennsylvania  crude.  AVhen  that  time  comes,  a substantial  price  in- 


OIL  PRODUCTION 


59 


crease  may  be  possible.  It  is,  of  course,  quite  impossible  to  predict 
when  this  is  likely  to  occur,  and  in  the  meantime,  the  Pennsylvania 
industry  may  have  been  forced  out  of  existence. 

Clearly,  the  only  hope  for  the  Pennsylvania  producer  is  to  lower 
his  costs  so  that  his  products  will  be  able  to  compete  with  those  of 
other  regions.  At  present,  the  only  method  of  lowering  lifting  costs 
per  barrel  is  to  increase  oil  production  per  well  by  means  of  secondary 
recovery  methods. 

OPERATING  METHODS 

Methods  of  Drilling  and  Equipping  Wells 

Methods  of  drilling.  Wells  are  drilled  entirely  by  cable-tool  rigs, 
either  with  a portable  drilling  machine  or  spudding  machine.  A few 
standard  rigs  may  still  be  seen,  but  even  the  deeper  gas  w7ells  are 
generally  drilled  with  portable  outfits.  The  spudder  is  gaining  popu- 
larity for  shallow  wells,  and  light  spudders  mounted  on  trucks  are 
in  general  use  for  cleaning  out  wells.  Most  drilling  machines  use 
manila  line,  although  some  use  wire  line  with  100  or  200  feet  of 
manila  “cracker.” 

A hole  roughly  10  inches  in  diameter  is  first  spudded  to  bedrock, 
and  wooden  conductor  set  if  possible.  If  the  walls  of  the  hole  will 
not  stand,  8-inch  drive  pipe  is  used.  Eight-inch  hole  is  then  drilled 
to  the  casing  point,  which  is  a point  below  any  sands  that  may  dis- 
charge water  into  the  hole.  The  stratigraphic  position  of  this  point 
varies  throughout  the  quadrangle.  As  a general  rule,  no  water  (ex- 
cept very  small  quantities  of  salt  water)  is  found  below  about  300 
feet.  In  the  northern  part  of  the  quadrangle,  the  Corry  sandstone 
and  sometimes  the  Cussewago  must  be  cased  off.  In  the  southeastern 
part  of  the  quadrangle  the  Shenango  sandstones  (Forty-foot)  are 
water-bearing,  and  400  to  500  feet  of  casing  is  used.  In  this  area, 
where  there  are  occasional  coal  seams,  the  near-surface  waters  are 
very  corrosive,  and  unless  the  casing  is  cemented  it  will  corrode 
through  in  two  or  three  years.  As  a rule,  an  8-inch  hole  is  drilled 
and  5%-inch  casing  is  run.  A thin  mixture  of  two  parts  sand  and  one 
of  cement  is  then  run  in  the  annular  space  between  the  wall  and  the 
casing,  and  worked  down  with  sucker  rods.  This  method  has  the  dis- 
advantage that  the  cement  and  sand,  in  settling  through  the  water, 
have  a tendency  to  separate,  and  frequently  a good  coating  of  con- 
crete around  the  pipe  is  not  obtained.  A better  method,  occasionally 
used,  is  to  drill  a 10-inch  hole  and  set  6-inch  casing.  Neat  cement  is 
then  run  to  the  bottom,  outside  the  casing,  through  1 14-incli  pipe.  As 
the  level  of  the  cement  rises  the  pipe  is  gradually  withdrawn.  This 
method  assures  a permanent  job,  but  is  more  expensive. 
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In  areas  where  the  First  sancl  contains  water,  customary  practice 
is  to  case  off  the  shallow  water  with  6-inch  casing  and  then  drill 
through  the  deeper  water  zone.  The  hole  is  then  cased  with  4%-inch 
casing  and  the  well  finished  with  small  tools.  Where  corrosive  condi- 
tions are  encountered  the  6-inch  casing  is  cemented ; otherwise  it  is 
usually  recovered. 

No  production  string  of  casing  is  required,  and  the  holes  stand  open 
from  the  water  string  to  bottom. 

Method  of  coring  and  core  analysis.  Only  about  40  or  50  cores  have 
been  taken  in  the  Oil  City  quadrangle,  most  of  them  in  the  north- 
western corner  of  the  quadrangle.  A few  experimental  cores  were 
taken  by  the  Brundred  Oil  Co.  in  1926  with  diamond  tools.  The  rest 
have  all  been  taken  with  cable  tool  or  “Baker”  barrels. 

Almost  all  the  cores  have  been  analyzed  by  local  laboratories.  Most 
determine  porosity  by  the  Washburn-Bunting  method.  Some  use  the 
retort  method  of  determining  oil  and  water  saturation,  while  others 
use  a colorimetric  method  to  determine  the  oil,  and  extraction  with 
xylene  to  determine  the  water.  Permeability  values  are  required  in 
order  to  determine  proper  packer  settings  in  input  wells. 

Method  of  tubing  and  pumping.  All  the  wells,  with  few  exceptions, 
are  pumped  from  central  powers  of  the  geared  type.  Bandwheel 
powers  with  overpull  eccentric  are  not  common.  The  power  is  usually 
provided  by  a gas  engine.  Where  lease  gas  is  not  abundant,  outside 
gas  is  purchased.  A few  leases  have  installed  electric  motors  to  run 
the  central  powers.  Pumping  jacks,  generally  of  the  Oklahoma  type 
and  frequently  more  or  less  home  made,  are  connected  to  the  central 
power  by  iron  rod  lines  or  wire  lines. 

The  wells  are  generally  tubed  -with  2-inch  tubing.  A simple  recipro- 
cating plunger-type  pump  and  mud  anchor  are  used  at  the  bottom 
of  the  tubing  string,  generally  at  or  below  the  level  of  the  lowest  pro- 
ducing sand.  The  working  barrel  is  ordinarily  5 feet  long  and  may 
be  either  brass  or  east  iron.  In  areas  of  intensive  repressuring  with 
air,  especially  designed  pumps  are  sometimes  used  to  combat  cor- 
rosion. Sucker  rods  are  commonly  standard  %-inch  iron  rods,  but 
some  wooden  rods  with  wrought  iron  couplings  are  still  in  use. 

A simple  Bradenhead  assembly  is  used  at  the  well  head.  The  oil 
and  water  is  pumped  up  the  inside  of  the  tubing,  around  the  sucker 
rods,  and  runs  generally  into  a small  wood  or  iron  receiving  tank, 
where  the  water  is  separated  from  the  oil  before  the  latter  is  run  to 
a lease  stock  tank.  These  individual  receiving  tanks  waste  a great 
deal  of  lighter  fractions  of  the  crude  by  evaporation,  and  a few  opera- 
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tors  are  replacing  them  by  a closed  system  in  which  the  oil  and  water 
is  pumped  directly  into  the  gathering  lines  and  to  the  stock  tank 

The  gas  comes  up  the  annular  space  between  the  tubing  and  easing, 
and  runs  into  gas  gathering  lines,  which  are  usually  2-inch  pipe. 

Secondary  Recovery  Methods 

Suction  (Vacuum).  Many  of  the  oil  pools  in  the  Oil  City  quadrangle, 
especially  those  in  the  Third  sand,  wTere  operated  under  suction,  and 
large  quantities  of  natural  gasoline  were  manufactured.  Four  to  ten 
gallons  of  gasoline  were  recovered  per  thousand  feet  of  gas  by  the 
compression  process.  In  1929  more  than  3,000,000  gallons  were  sold 
in  Venango  County  for  approximately  10  cents  a gallon.  Since  1930 
the  production  of  natural  gasoline  has  decreased  to  a very  low  figure, 
principally  because  of  the  exhaustion  of  the  gas.  Prices  in  1940  were 
about  3 x/-2  cents  per  gallon.  Suction  is  still  used  on  some  leases,  al- 
though it  has  outlived  its  usefulness,  and  in  fact  probably  had  a 
deleterious  effect  on  the  oil  in  place,  decreasing  its  gravity,  increas- 
ing its  viscosity,  and  materially  decreasing  the  quantity  recoverable. 
It  must  be  remembered,  however,  that  between  1916  and  1918  natural 
gasoline  sold  for  more  than  20  cents  a gallon,  and  at  that  time  repres- 
suring had  not  yet  become  extensive. 

Examination  of  the  decline  curves  of  a few  leases  operated  under 
vacuum  suggests  that  the  stimulative  effect  on  oil  production  lasted 
only  a few  years  at  best,  and  after  that  the  wells  produced  no  more 
than  they  would  have  had  vacuum  not  been  applied.  If  the  suction  is 
stopped,  production  falls  off  materially,  at  least  for  a while.  Many 
operators  have  converted  gradually  to  pressure ; pulling  a suction  on 
the  producing  wells  for  a while,  and  injecting  air  or  gas  into  certain 
input  wells.  As  the  pressure  gradually  takes  effect  in  the  sand  the 
suction  may  be  reduced,  and  the  producing  wells  finally  operated  at 
atmospheric  pressure  or  higher. 

Air  ancl  gas  drive.  Since  about  1920  secondary  recovery  by  air  or 
gas  drive,  usually  called  repressuring,  has  become  common  practice 
in  the  part  of  the  Oil  City  quadrangle  north  of  Allegheny  River.  In 
this  area,  large  parts  of  the  Lower  Red  \ralley,  Second,  and  Third 
sands  are  being  successfully  repressured.  There  are  only  a few  proj- 
ects south  of  the  river. 

The  total  area  being  repressured  is  about  5,000  acres.  None  of  the 
projects  comprises  closely  drilled  wTells  spaced  according  to  a geo- 
metric pattern,  which  is  the  most  effective  method.  All  consist  of  a 
relatively  few  pressure  wells  widely  scattered  among  the  old  produc- 
ing wells,  and  very  few  introduced  the  air  or  gas  intelligently  into 
newly  drilled  and  cored  wells. 
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A complete  discussion  of  the  methods  and  results  of  secondary  re- 
covery by  air  and  gas  drive  will  be  found  in  a recent  publication  1 by 
the  American  Petroleum  Institute.  Several  of  the  examples  of  repres- 
sured leases  in  the  chapter  on  oil  recovery  by  gas  drive  in  Pennsyl- 
vania are  from  the  Oil  City  quadrangle,  and  the  discussion  of  the 
Venango  district  includes  the  Oil  City  quadrangle. 

At  present  the  common  practice  is  to  introduce  air  into  specially 
drilled  air-intake  wells.  These  wells  are  cored  in  the  sand,  and  the 
samples  analyzed  for  permeability,  porosity,  and  water  content.  If, 
as  is  usually  the  case,  the  permeability  of  the  sand  shows  wide  varia- 
tions, the  sand  is  segregated  into  from  two  to  five  parts,  and  packers 
are  set  so  that  the  air  can  be  injected  into  the  different  sand  sections 
under  different  pressures.  A manifold  with  separate  orifice  meter  con- 
nections is  installed  at  the  well  heads,  and  gauge  valves  adjusted  so 
that  about  1,000  cubic  feet  of  air  will  be  injected  per  day  per  vertical 
foot  of  sand.  Pressures  necessary  to  inject  this  quantity  range  from 
50  to  400  pounds  per  square  inch.  There  is  occasionally  a “break- 
down pressure,”  or  threshold  pressure,  below  which  little  or  no  air 
enters  the  sand,  and  above  which  the  volume  of  air  entering  is  a direct 
function  of  the  pressure.  Sections  of  sand  of  comparatively  low  per- 
meability (20  millidarcies  or  less)  are  sometimes  shot,  in  order  to  in- 
crease the  sand  surface  exposed  and  thus  the  intake  capacity  of  the 
tight  beds.  Very  permeable  beds  are  sometimes  “slugged”  with  water 
with  good  results.  This  tends  to  plug  the  large  pore  openings  with 
liquid,  and  reduces  the  amount  of  bypassing. 

Frequently  a repressuring  project  is  started  simply  by  injecting 
air  or  gas  into  an  old  well,  which  is  sometimes  not  even  cleaned  out. 
This  is  done  in  order  to  save  the  cost  of  drilling  a new  well,  but  is 
nearly  always  a foolish  procedure.  Either  or  both  of  the  following 
conditions  are  almost  certain  to  exist  in  an  old  well : the  pore  spaces 
of  the  sand  in  the  vicinity  of  the  hole  may  be  plugged  with  lime,  gyp- 
sum, paraffin,  or  emulsion,  and  there  may  be  certain  beds  of  high 
permeability  which  have  already  been  thoroughly  depleted  of  oil,  and 
which  will  transmit  all  the  air  without  allowing  it  to  affect  the  tighter 
beds  in  which  most  of  the  recoverable  oil  occurs.  The  result  of  the 
first  condition  is  to  permit  only  small  quantities  of  air  to  enter  the 
sand,  and  the  second  condition  results  in  the  entrance  of  large  quanti- 
ties of  air  which  have  no  effect  in  increasing  oil  production.  In  either 
case  the  operator  is  likely  to  condemn  air  repressuring  as  being  in- 

1 Secondary  Recovery  of  Oil  in  the  United  States,  a Symposium  sponsored  by  the 
Subcommittee  on  Secondary  Recovery  of  the  American  Petroleum  Institute,  New  York, 
1942. 

See  also,  Oil  Geology  of  the  Titusville  Quadrangle : Penna,  Topog.  and  Geol.  Survey, 
Bull.  M-22,  1940,  pp.  46-63. 
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applicable  to  his  sand,  whereas  the  fault  was  entirely  with  the  well. 
A new  well  has  a clean  sand  face,  and  if  it  is  cored  the  location  of  the 
permeable  beds  may  be  determined  and  they  can  be  easily  packed  off. 

In  general,  the  pressure  wells  are  located  with  respect  to  the  old 
wells  so  that  as  symmetrical  a well-spacing  pattern  as  possible  will  be 
obtained.  This  results,  at  best,  in  irregular  patterns  and  wide  varia- 
tions in  spacing.  More  recent  developments  in  similar  sands  in  the 
Titusville  quadrangle  have  been  based  on  uniform  “seven-spot”  pat- 
terns, all  input  and  some  producing  wells  being  drilled  new,  on 
spacings  of  150  to  250  feet  (0.67  to  1.85  acres  per  oil  well  and  1.34  to 
3.70  acres  per  input  well).  Such  developments  show  not  only  a more 
rapid  recovery,  but  a larger  ultimate  recovery  than  the  haphazard 
and  widely  spaced  projects.  However,  probably  only  fairly  rich 
sands  contain  enough  oil  to  repay  the  large  amount  of  new  drilling 
required  by  intensive  development. 

Compressor  plants  range  from  small  makeshift  outfits  to  large  two- 
stage  compressors  with  capacity  up  to  1,000,000  cubic  feet  per  day  at 
pressures  up  to  400  pounds  per  square  inch.  The  mixture  of  air  and 
gas  from  the  casing  heads  is  used  for  fuel,  and  the  surplus  is  returned 
to  the  sand.  In  order  to  avoid  mixing  the  surplus  air-gas  with  the 
compressed  air,  which  would  result  in  a dangerously  explosive  mix- 
ture, it  is  usually  handled  only  during  certain  hours,  or  by  a separate 
compressor.  On  some  leases  the  gas  from  the  Avells  contains  50  to  75 
percent  combustible  hydrocarbons  (mostly  heavier  than  methane) 
while  on  others  it  is  nearly  pure  air  with  some  cai’bon  dioxide. 

From  10  to  more  than  100  barrels  of  oil  per  acre-foot  has  been  re- 
covered by  air  drive  in  the  Venango  district.  Most  of  this  oil  would 
have  been  unrecoverable  by  natural  production,  since  the  rate  of 
entry  of  the  oil  into  the  wells  would  be  so  slow  that  it  would  not  pay 
to  operate  them. 

This  oil  is  recoverable  in  from  10  to  40  years,  but  about  one-half  of 
it  will  be  recovered  in  the  first  third  of  the  operating  period.  During 
the  life  to  date  of  several  repressuring  projects,  between  6,000  and 
22,000  cubic  feet  of  air  have  been  injected  per  barrel  of  oil  produced. 

Oil  production  of  repressured  properties.  Under  intensive  repres- 
suring with  air,  the  oil  production  per  well  ranges  up  to  5 or  even  10 
barrels  per  day  for  a short  time.  The  decline  in  rate  of  production  is 
more  rapid  in  the  more  intense  projects  than  in  the  more  haphazard 
and  scattered  projects.  In  order  to  maintain  production  (and  there- 
fore income)  at  an  approximately  constant  value,  continuous  develop- 
ment is  necessary.  Few  operators,  however,  are  financially  able  to 
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continue  drilling  and  development  activities  at  a constant  rate,  so 
that  their  oil  production  is  apt  to  fluctuate. 

The  expected  ultimate  recoveries  of  properties  subjected  to  air 
drive  range  from  about  3,000  to  less  than  500  barrels  per  acre,  de- 
pending on  the  richness  of  the  sand  and  the  intensity  of  the  develop- 
ment. 

As  an  example  of  the  drilling  and  production  history  of  an  inten- 
sively developed  property,  that  of  a lease  in  the  Titusville  quadrangle 
is  given  (figs.  8 and  9).  The  pattern  is  a modified  seven-spot,  with 
the  new  wells  ingeniously  located  among  the  old  wells,  so  that  a fairly 
symmetrical  pattern  was  obtained.  The  location  of  the  old  wells 


governed  the  spacing,  which  is  about  1.2  acres  per  well  and  3.9  acres 
per  air  well.  Between  1932  and  1939,  air  repressuring  had  been  ap- 
plied to  190  acres.  Oil  recovered  from  1932  through  1940  was  315,900 
barrels — -a  recovery  of  1,660  barrels  of  oil  per  acre.  As  shown  by  cores, 
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Figure  9 — Drilling  and  production  history  of  Lease  XVIII 
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this  lease  has  an  average  of  40  feet  of  sand,  with  an  oil  content  of 
315  barrels  per  acre-foot.  It  is  impossible  to  predict  the  ultimate  oil 
recovery  per  acre,  as  no  period  of  development  was  followed  by  a 
sufficiently  long  period  of  no  drilling  to  give  an  uninterrupted  decline 
curve.  However,  speculative  logarithmic  oil-production  declines  have 
been  drawn  as  dashed  lines  in  fig.  9 to  show  how  the  various  blocks 
of  acreage  developed  in  different  years  may  have  been  contributing 
to  1940  oil  production.  As  the  estimated  decline  curves  are  drawn, 
blocks  1 and  4 will  produce  2,350  barrels  of  oil  per  acre  in  15  years, 
block  2 will  produce  2,760  barrels  of  oil  per  acre  in  15  years,  and  block 
3 will  produce  1,575  barrels  of  oil  per  acre  in  the  same  length  of  time. 
The  reason  that  block  3 shows  a lower  recovery  than  the  other  three 
blocks  is  that  one  of  the  producing  sands  is  thinner  under  part  of 
the  area  developed  during  that  period. 

Other  examples  may  be  found  in  the  report  on  the  Oil  Geology  of 
the  Titusville  Quadrangle.1  Examples  of  the  drilling  and  production 
history  of  four  other  leases  are  given  in  figure  9.  Additional 
information  on  these  leases  will  be  found  in  the  discussion  of  costs 
of  production  (p.  75). 

Water  flooding.  The  remarkable  success  of  water  flooding  in  the 
Bradford  field  has  led  to  several  attempts  at  water  flooding  in  and 
near  the  Oil  City  quadrangle.  The  results  have  been  uniformly  dis- 
couraging, and  none  has  resulted  in  even  a temporary  increase  in  oil 
production. 

A recent  study  2 suggests  that  the  oil  saturation  must  be  above  a 
certain  minimum,  the  water  saturation  below  a certain  minimum,  and 
especially  the  ratio  of  water  to  oil  in  the  sand  must  not  greatly  ex- 
ceed one  to  one,  if  water  flooding  is  to  be  successful.  If  this  is  true, 
it  is  probable  that  water  flooding  will  be  successful  only  in  certain 
favorable  areas  in  the  Oil  City  quadrangle.  Perhaps  some  spots  of 
the  Second  and  Gray  sands  especially  may  have  sufficient  oil  and  a 
low  enough  water  content  to  be  floodable.  It  is  highly  unlikely  that 
the  Third  sand  can  ever  be  flooded  with  water.  It  was  richly  satu- 
rated with  gas  originally,  so  that  the  recovery  of  oil  by  primary  meth- 
ods has  been  quite  efficient,  and  it  seems  to  contain  40  to  60  percent 
connate  water  where  cores  have  been  taken.  The  Second  and  Gray 
sands  produced  little  gas,  and  cores  in  the  Second  sand  generally 
show  an  oil  content  considerably  above  that  of  the  Third.  Floods  have 
been  attempted  in  several  places  in  both  sands,  however,  with  no 
success. 

1 Penna.  Topog.  and  Geol.  Survey,  Bulletin  M-22,  1940. 

2 Dickey,  P A.  and  Bossier,  R B.  The  role  of  connate  water  in  secondary  recovery 
of  oil  : Am.  Inst.  Min.  Engrs.,  Tech.  Paper  1608,  Pet.  Technology,  July  1943. 


67 


CHARACTER  OF  CRUDE  OIL 

General.  The  following  brief  discussion  of  the  chemical  character 
of  the  crude  oil  applies  to  the  whole  Venango  district.  That  is,  it  in- 
cludes analyses  from  the  oil  fields  of  the  Titusville,  Franklin,  and 
Hilliards  ciuadrangles,  as  well  as  from  the  Oil  City  quadrangle.  It  is 
based  largely  on  the  hitherto  unpublished  Hempel  analyses  made  by 
the  Bureau  of  Mines,  U.  S.  Department  of  the  Interior,  in  1941.  A 
few  earlier  analyses  were  also  available.1  An  approximate  summary 
of  the  Hempel  analyses  will  be  found  in  Table  2 and  a key  map  show- 
ing the  location  of  the  wells  from  which  samples  were  taken  in  Figure 
10. 

The  Hempel  analyses  which  have  not  previously  been  published  are 
included  in  this  report  as  Appendix  D,  by  courtesy  of  the  U.  S.  Bureau 
of  Mines. 

First  Sand  oil.  Two  distinct  types  of  oil  are  produced  from  the 
First  sand.  The  crude  oil  produced  in  the  Franklin  Heavy  oil  field 
(in  the  Franklin  quadrangle),  is  an  intermediate  base,  brownish- 
green  crude  oil  of  about  32°  A.P.I.  gravity.  The  yield  of  paraffinic 
nonviscous  and  medium  lubricating  distillate  is  larger  than  the  yield 
from  other  Pennsylvania  grade  crude  oils-.  Nonviscous  lubricating 
distillate  ranges  between  13.4  and  17.0  percent  of  the  crude.  Medium 
lubricating  distillate  yield  ranges  between  10.4  and  10.8  percent. 
From  the  naphthenic  light  fractions  a yield  of  1 to  4 percent  gasoline 
of  high  anti-knock  value  is  obtained.  Saybolt  Universal  viscosity 
values  lie  between  92  and  100  seconds  at  100°F. 

First  Sand  crude  oil  produced  in  the  remainder  of  the  county,  ac- 
cording to  Bureau  of  Mines  Hempel  analyses,  yields  11.9  to  14.6  per- 
cent nonviscous  lubricating  distillate  and  3.5  to  5.9  percent  viscous 
lubricating  distillate.  Total  yield  of  gasoline  and  naphtha  ranges 
from  24.5  to  36.1  percent.  Color  ranges  from  N.P.A.  No.  6 to  brownish 
green.  Saybolt  Universal  viscosity  values  lie  between  36  and  46  sec- 
onds at  100°F. 

Red  Valley  Sand  oil.  One  sample  of  oil  from  the  Red  Valley  sand 
was  obtained  from  the  Lamberton-Nickleville  pool.  Total  gasoline  and 
naphtha  was  41.9  percent,  nonviscous  lubricating  distillate  9.6,  and 
medium  lubricating  distillate  3.7  percent.  The  gravity  was  46.7°  and 
color,  N.P.A.  No.  6. 

1 Smith,  N.  A.  C.,  and  Lane,  E.  C..  Tabulated  analyses  of  representative  crude 
petroleums  of  the  United  States:  U.  S.  Bureau  of  Mines  Bull.  291,  1928. 

Lane,  E.  C.,  and  Garton,  E.  L.,  Analyses  of  crude  oils  from  some  fields  of  Pennsylvania 
and  New  York:  U.  S.  Bureau  of  Mines,  R.  I.  3385,  1938. 

Bartholomew,  Wm.  H.,  The  analysis  of  crude  oils  : Ph.D.  thesis,  State  College,  Penna., 
1941. 


Table  2 — Approximate  Summary  of  Hempel  Analyses  and  General  Characteristics  Data  of  Oils  from  Venango  Sands 
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Lytle  Sand  oil.  Oil  produced  from  the  Lytle  sand  is  similar  over 
the  area.  Total  gasoline  and  naphtha  yield  in  percent  ranges  from 
23.7  to  42.5.  Nonviscous  lubricating  distillate  composes  9.6  to  18.3 
percent  of  the  crude  oil,  whereas  medium  lubricating  distillate  com- 
poses another  1 .7  to  4.3  percent.  Gravity  of  individual  samples 
ranges  from  39.2°  to  47.4°  A.P.I.  Color  ranges  from  N.P.A.  No.  6 
to  brownish  green.  Saybolt  Universal  viscosity  values  lie  between  36 
and  38  seconds  at  100°F. 

Second  Sand  oil.  The  Second  Sand  oil  in  the  Middle  District  con- 
tains a higher  percentage  of  lubricating  oil  than  other  oils  with  the 
exception  of  the  Franklin  Heavy  crude  oil.  Second  Sand  crude  oil 
yields  approximately  5.2  percent  of  54.7°  A.P.I.  gasoline  with  an 
octane  number  of  76.  When  4 c.c.  of  lead  are  added  the  octane  number 
is  raised  to  90.6.  Total  yield  of  gasoline  and  naphtha,  however,  ac- 
cording to  Hempel  analyses,  ranges  between  10.2  and  20.8  percent. 
Nonviscous  lubricating  distillate  content  ranges  between  14.1  and 

18.4  percent.  Medium  lubricating  distillate  content  lies  between  5.7 
and  9.3  percent.  Gravity  values  range  between  33.2°  and  37.4°  A.P.I. 
The  color  of  the  oil  is  dark  to  brownish  green.  Saybolt  Universal 
viscosity  values  at  100°F.  range  from  53  to  81  seconds. 

Two  samples  of  oil  from  the  Second  sand  near  Pleasantville,  at  the 
north  end  of  the  Second  Sand  trend  of  pools,  are  quite  different  from 
the  typical  Second  Sand  oil,  and  resemble  more  the  normal  oil  of  the 
Lytle  sand.  They  are  slightly  heavier  than  the  latter,  and  may  be 
transitional.  Total  gasoline  and  naphtha  ranges  from  28  to  31  per- 
cent, nonviscous  lubricating  distillate  from  11.9  to  12.9  and  medium 
lubricating  distillate  from  3.3  to  3.7.  Gravity  is  41.9°  to  42.8°  A.P.I. 
and  viscosity  at  100°F,  41.  Color  is  green. 

Either  the  Lytle  or  First  sand  above  is  also  at  least  slightly  pro- 
ductive throughout  the  Pleasantville  pool.  The  wells  from  which  the 
samples  were  taken  were  chosen  because  they  had  not  been  shot  in  the 
upper  sands,  and  the  operators  were  convinced  in  each  case  that  only 
negligible  quantities  of  oil  came  from  sands  other  than  the  Second. 
There  is  a possibility,  however,  that  the  oils  contained  enough  oil  from 
upper  sands  to  be  non-representative  of  the  Second  sand  in  this  pool. 

Third  Stray  and  Gray  Sand  oil.  Except  for  color  and  gravity  values 
the  oil  produced  from  the  Third  Stray  sand  is  similar  over  the  Mid- 
dle District.  Total  yield  of  gasoline  and  naphtha  ranges  between  27.0 
and  43.3  percent,  nonviscous  lubricating  distillate  between  8.4  and 

15.4  percent,  and  medium  lubricating  distillate  between  1.0  and  6.1 
percent.  Gravity  of  individual  samples  ranges  between  41.5°  and 
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Figure  10 — Map  showing  source  of  oil  that  was  analyzed. 
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50.1°  A.P.I.  Color  ranges  from  N.P.A.  No.  6 to  dark  green.  Saybolt 
Universal  viscosity  values  range  between  35  and  42  seconds  at  100°F. 

Knox  Third  Sand  oil.  One  sample  of  oil  from  the  Knox  Third  sand 
was  obtained.  Total  gasoline  and  naphtha  is  46.7  percent,  nonviscous 
lubricating  distillate  9.1,  medium  lubricating  distillate  3.7  percent, 
gravity  48.8°  and  viscosity  34  seconds  at  100°F.  The  color  is  green. 

Third  Sand  oil.  Third  Sand  oil  is  similar  over  the  district.  Total 
yield  of  gasoline  and  naphtha  ranges  between  27.3  and  40.9  percent. 
Nonviscous  lubricating  distillate  content  ranges  between  10.5  and 
12.9  percent  and  medium  lubricating  distillate  between  3.3  and  6.5 
percent.  Gravity  ranges  between  41.1°  and  47.2°  A.P.I.  Color  ranges 
from  N.P.A.  No.  6 to  a brownish  green.  Saybolt  Universal  viscosity 
falls  between  36  and  47  seconds  at  100°F. 

Speechley  Sand  oil.  No  samples  of  Speechley  oil  in  Venango  County 
were  tested,  but  two  samples  analyzed  by  Bureau  of  Mines  Hempel 
method  for  Butler  County  are  believed  to  be  similar.  Those  samples 
showed  a total  gasoline  and  naphtha  content  of  28.7  and  37.8  percent, 
nonviscous  lubricating  distillate  content  of  11.3  and  12.0,  medium 
lubricating  distillate  content  of  2.4  and  3.7  percent  and  gravity  values 
of  43.2°  and  45.6°  A.P.I.  Color  was  given  as  N.P.A.  Nos.  5 and  6. 
Saybolt  Universal  viscosity  was  39  and  42  seconds  at  100°F. 

Smith  correlation  index.  A useful  index  number  for  the  classifica- 
tion of  crude  oils  has  been  recently  proposed  by  Harold  M.  Smith.1 
For  each  of  the  15  fractions  or  “cuts”  into  which  the  oil  is  divided 
by  the  Hempel  method  of  analysis,  it  applies  an  index  number  which 
is  based  on  the  average  boiling  point  and  specific  gravity  of  each  sam- 
ple. It  may  be  used,  rather  roughly,  to  indicate  the  relative  amounts 
of  naphthenic  (or  aromatic)  and  paraffinic  hydrocarbons  in  each  frac- 
tion. A higher  index  number  indicates  a higher  proportion  of  naph- 
thenic (or  aromatic)  hydrocarbons. 

The  Smith  correlation  index  numbers  of  crude  oils  from  the  different 
Venango  sands  are  shown  graphically  in  fig.  11.  They  show  that  all 
the  oils,  except  those  from  the  Franklin  Heavy  pool  and  the  Second 
sand,  are  closely  similar.  The  oil  from  First  Sand  pools  not  in  the 
Franklin  Heavy  district  is  practically  indistinguishable  from  the  oils 
from  the  other  sands. 

1 Smith,  H.  M.,  Correlation  index  to  aid  in  interpreting  crude  oil  analyses:  U.  S. 
Bureau  of  Mines  Tech.  Paper  610,  1940. 
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Figure  11 — Plot  of  Venango  District  crude  oil  analyses  by 
Smith  correlation  index. 


Geologic  relationships  of  the  crude  oils.  As  explained  in  the  pre- 
ceding paragraphs,  there  are  in  the  Venango  district  two  freak 
types  of  oil,  in  the  Franklin  Heavy  and  Second  Sand  pools,  which 
are  characterized  by  comparatively  low  gravity,  high  content  of 
lubricating  oil  fractions,  and  by  the  naphthenic  or  aromatic  character 
of  the  lighter  fractions.  All  the  other  oils  are  similar,  but  exhibit 
some  changes  in  color  and  gravity,  which  are  usually  persistent  in  any 
one  sand.  Other  oils  from  Pennsylvania  and  New  York  show  correla- 
tion index  numbers  similar  to  those  of  the  normal  Venango  oils.  As 
far  as  known,  the  Franklin  Heavy  and  Second  Sand  crude  oils  are 
the  only  ones  in  the  world  that  are  more  naphthenic  and  aromatic  in 
their  light  fractions  than  they  are  in  the  heavy  fractions.  As  a rule 
oils  become  more  naphthenic  in  the  heavy  fractions. 

It  is  difficult  to  offer  any  explanation  of  the  divergent  types  of  oil. 
In  the  Venango  district  there  are  three  producing  “formations”  (see 
p.  22)  in  each  of  which  there  are  several  sands.  These  sands  resemble 
the  others  in  the  same  formation,  and  differ  in  many  respects  from 
those  in  different  formations.  It  is  reasonable  to  believe  that  the 
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sands  in  any  one  formation  were  laid  down  in  a rather  similar  environ- 
ment, and  those  of  the  other  formations  were  laid  down  in  different 
environments.  The  two  freak  oils  are  not  characteristic  of  any  type 
of  sand  body  or  environment.  Where  they  are  found,  other  sand  bodies 
of  the  same  type  nearby,  both  vertically  and  horizontally,  are  pro- 
ducing normal  oil.  No  differences  in  the  character  of  the  geologic 
structure,  which  might  indicate  different  intensities  of  tectonic  ac- 
tivity, were  noted  in  the  areas  where  the  freak  oils  are  produced. 

MARKETING 

Crude  oil  produced  in  the  Venango  district  must  be  gathered 
from  the  individual  lease  stock  tanks,  some  of  which  hold  as  little 
as  20  barrels,  transported  to  pipe  line  storage  or  to  refinery  tanks, 
and  delivered  from  storage  or  from  the  pipe  lines  to  the  various 
refineries.  The  sale  and  purchase  of  the  oil  is  arranged  between 
the  producer  and  the  purchaser,  the  pipe  lines  merely  serving  in 
the  gathering,  transportation,  and  delivery. 

Most  of  the  oil  in  this  area  is  gathered  by  the  National  Transit 
Company,  which  operates  an  extensive  system  of  lines.  This  com- 
pany is  a common  carrier,  operating  under  the  Pennsylvania  Public 
Utility  Commission,  providing  a service  of  transportation  and  stor- 
age, but  neither  buys  nor  sells  oil.  Several  privately-owned  pipe 
line  systems  operate  in  the  area,  owned  either  by  refineries  for 
gathering  crude  for  their  own  use,  or  by  producers  for  delivering 
their  crude  direct  to  refineries.  Among  the  largest  of  these  privately- 
owned  systems  are  the  Valvoline  Pipe  Line  Company,  The  Bessemer 
Pipe  Line  Company,  and  the  line  owned  by  the  United  Refining 
Company  at  Warren,  Pa. 

Oil  gathered  by  the  National  Transit  Company  is  delivered  to 
part  or  all  of  the  15  or  16  refineries  operating  in  the  Kane  to  Butler 
area.  This  company  is  also  interconnected  with  other  gathering 
systems  so  that  crude  oil  gathered  by  the  Bradford  Transit  Com- 
pany in  the  Bradford  field,  by  the  Southwestern  Pennsylvania  lines 
in  southwest  Pennsylvania,  by  the  Buckeye  Pipe  Line  Company  in 
southeastern  Ohio,  and  by  the  Eureka  Pipe  Line  Company  in  West 
Virginia  may  be  delivered  to  any  of  the  refineries  in  the  area  through 
National  Transit  Company  lines. 

Delivery  is  made  by  the  pipe  line  companies  to  the  refinery  tanks. 
In  the  case  of  the  National  Transit  Company,  a pipeage  charge  is 
collected  from  the  purchaser  varying  from  $0.3126  per  barrel  to 
$0.3647  per  barrel. 
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COSTS  OF  PRODUCING  OIL 

A comprehensive  survey  of  the  costs  of  producing  oil  in  the  United 
States  was  made  by  the  U.  S.  Tariff  Commission  in  1931,  and  a later 
study  was  made  by  the  Petroleum  Administrative  Board  in  1935. 1 
A similar  study  was  made  in  1941  by  a committee  of  the  Pennsyl- 
vania Grade  Crude  Oil  Association.2  The  costs  given  for  the  Ivane- 
to-Butler  district  are,  in  general,  applicable  to  the  Oil  City  quad- 
rangle. The  results  of  the  most  recent  survey  are  shown  in  tables 
3 and  4. 

TABLE  3 

Percentage  of  oil  reported  produced  at  or  below  cost  specified. 

Kane  to  Butler  district,  1940 


Per  barrel 

Percent 

Per  barrel 

Percent 

Less  than  $2.00 

3.70 

Less  than  $3.60 

95.94 

“ “ 2.40 

13.75 

“ 3.80 

95.94 

“ “ 2.80 

22.21 

it 

“ 4.00 

97.09 

“ “ 3.00 

50.69 

it 

“ 4.20 

97.09 

“ “ 3.20 

87.19 

it 

“ 4.40 

97.94 

“ “ 3.40 

95.30 

$4.40 

and  over 

2.06 

'Costs  in  the  Kane  to  Butler  district  ranged  from  $1.34  to  $4.62 
per  barrel  (not  including  interest  on  invested  capital).  The  lowest 
cost  leases  are  those  undergoing  intensive  repressuring;  the  highest 
cost  leases  are  those  in  relatively  poor  districts  where  no  repressur- 
ing is  attempted.  It  should  be  emphasized  that  the  costs  for  the  re- 
pressured leases  are  lower  than  the  non-repressured  leases  even 
when  depletion,  depreciation,  amortization,  and  overhead  charges 
are  all  increased  by  the  secondary  recovery  development.  The 
weighted  average  3 cost  per  barrel  for  the  non-repressured  proper- 
ties was  $2.91  and  for  the  repressured  properties  was  $2.36. 

If  the  reported  cost  of  production  per  barrel  is  plotted  against 
the  daily  average  production  per  well,  the  relation  is  brought  out 
in  a striking  manner  (figure  12).  All  the  oil  from  wells  producing 
less  than  0.09  barrel  per  day  costs  more  than  $3.00  per  barrel  to 
produce,  and  nearly  all  the  oil  from  wells  producing  more  than  0.1 
barrel  per  day  costs  less  than  $3.  Only  the  two  properties  produc- 
ing 0.5  barrel  or  more  per  well  per  day  reported  costs  of  less  than 
$1.75  per  barrel. 

Data  on  the  operating  costs  of  five  leases  in  and  near  the  Oil  City 
quadrangle  are  presented  below.  They  illustrate  average  condi- 
tions on  repressured  leases,  and  emphasize  the  necessity  for  cleaning 

1 Petroleum  Administrative  Board,  U.  S.  Dep’t  of  Interior,  Report  on  the  cost  of 
producing  crude  petroleum,  1935. 

See  also,  Hopkins,  G.  R.,  and  Stone,  K.  L.,  Wide  variations  shown  in  cost  of  oil 
production  : Oil  and  Gas  Journal,  July  14,  1938,  pp.  15-17. 

2 Penna.  Grade  Crude  Oil  Ass'n,  Brief  filed  before  the  Office  of  Price  Administration, 
Sept.  26,  1941.  (Published  by  the  Association,  Oil  City,  Pa.,  1941.) 

3 Item  J was  not  included  in  the  average  since  it  includes  some  repressured  as  well 
as  non-repressured  properties. 
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Figure  12 — Cost  of  production  plotted  against  daily  average  oil 
production  per  well. 

out  wells  and  maintaining  the  lease  equipment  in  good  shape.1  The 
costs  were  taken  from  the  books  of  the  companies.  Their  accounting 
methods  vary  somewhat.  No  attempt  was  made  to  reconcile  them, 
nor  should  these  costs  be  taken  as  representative  of  the  non-repres- 
sured  properties,  which  constitute  the  large  majority  of  the  prop- 
erties in  the  quadrangle.  Production  given  is  the  company  interest, 
less  the  usual  one-eighth  royalty.  Depletion,  depreciation,  amortiza- 
tion, and  overhead  are  included  in  the  costs  per  barrel,  but  corpora- 
tion income  taxes  and  interest  on  investment  are  not  included.  Gross 
production  of  four  of  these  properties  is  shown  in  figure  13. 


1 Bossier,  R.  B.  and  Dickey,  P.  A.,  Effects  of  well  cleanout  work  In  Venango  District: 
Oil 'and  Gas  Journal,  Oct.  29,  1942,  pp.  33-36. 
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Figure  13 — Production  of  four  leases  in  Venango  district  showing 
results  of  clean-out  and  rehabilitation  work. 


Lease  A. — Production  during  1939  was  2,531  barrels.  In  that  year 
there  were  in  operation  23  oil  wells  and  7 input  wells.  The  operat- 
ing costs  were  calculated  by  the  company  for  a group  of  leases  of 
which  A is  one.  The  share  of  the  operating  cost  chargeable  to  this 
lease  on  the  basis  of  wells  in  operation  was  $3,725.  The  operating 
cost  per  barrel  was  therefore  $1.47. 

In  1940,  five  wells  were  cleaned  out  at  an  average  cost  of  $326 
per  well;  a total  cleaning  out  cost  of  $1,630.  Production  during  1940 
was  2,542  barrels  and  2,233  barrels  during  1941.  Operating  costs 
during  these  years  were  $4,125  and  $4,265.  Cost  per  barrel  was  thus 
$1.62  and  $1.91,  respectively. 

During  1939  the  production  declined  at  the  rate  of  18  percent  per 
year.  Had  the  cleaning-out  work  not  been  done,  production  would 
have  been  only  2,080  barrels  during  1940  and  1,700  barrels  during 
1941.  Operating  costs  would  have  been  $1.99  and  $2.51  per  barrel. 
The  additional  oil  recovered  in  1941  and  1940  as  a result  of  the  work 
amounted  to  about  2,000  barrels,  which  was  sold  for  $4,740.  Since 
the  cleaning  out  cost  $1,630,  a profit  of  $3,110  has  been  realized,  and 
in  addition  production  at  the  beginning  of  1942  was  about  1 barrel 
per  day  more  than  it  would  have  been  had  the  work  not  been  done. 
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Lease  B. — Production  during  1939  was  4,233  barrels  and  during 

1940  was  2,838  barrels.  There  were  39  oil  wells  and  1 pressure  well 
on  the  property.  Operating  costs  were  $6,990  in  1939  and  $8,200 
in  1940.  The  operating  cost  per  barrel  was  therefore  $1.65  and 
$2.89,  respectively. 

In  1940,  one  well,  and  in  1941,  eight  wells  were  cleaned  out  at  a 
cost  of  $1,936.  One  new  pressure  Avell  was  drilled  at  a cost  of  $1,128 
which  includes  coring,  packers,  and  tubing  assembly.  The  total  cost 
of  the  rehabilitation  work  was  therefore  $3,064.  Production  during 

1941  was  3,902  barrels,  and  during  the  last  3 months  of  that  year  it 
was  at  the  rate  of  4,150  barrels  per  year.  Operating  cost  in  1941 
was  $9,640,  so  that  the  cost  per  barrel  for  the  last  3 months  was 
$2.32.  If  no  cleaning  out  had  been  done,  a projection  of  the  decline 
curve  indicates  that  production  during  1941  would  have  been  about 
1,530  barrels,  and  the  cost  would  have  been  $6.30  per  barrel  based 
on  1941  cost,  and  about  $4.50  per  barrel  based  on  1939  cost. 

Lease  C. — Production  during  1939  was  5,808  barrels.  There  were 
in  operation  52  oil  wells  and  12  pressure  wells.  Operating  cost  was 
$7,950  and  cost  per  barrel  was  $1.37. 

In  1940,  11  wells  were  cleaned  out  at  a cost  of  $3,586.  Production 
during  1940  was  5,505  barrels  and  operating  cost  was  $8,800  or 
$1.60  per  barrel.  In  1941  production  was  5,451  barrels,  operating 
cost  $9,100  and  cost  per  barrel  $1.67. 

Some  cleanout  Avork  Avas  done  in  1939,  so  that  the  general  decline 
for  the  lease  is  not  sIioavii  by  the  total  production  curve.  IIoAveA7er, 
production  from  parts  of  the  lease  on  Avliieh  no  Avork  Avas  done  de- 
clined at  the  rate  of  about  15  percent  per  year.  If  this  rate  is  appli- 
cable to  the  Avhole  lease,  production  would  have  been  5,110  in  1940 
and  4,490  barrels  in  1941.  The  operating  costs  would  ha\re  been  $1.73 
and  $2.02,  respectively.  The  net  gain  in  production  Avas  1,356  bar- 
rels, A\diich  at  an  average  price  of  $2.37  Avas  worth  $3,220.  The  clean- 
out work  Avas  therefore  almost  paid  for  at  the  end  of  1941,  and  pro- 
duction Avas  running  21/2  barrels  per  day  more  than  it  Avould  have 
been  without  the  Avork.  It  is  worth  noting  that  although  this  lease 
showed  a profit  during  these  years,  the  group  of  leases  of  which  it  is 
a part  Avas  operated  at  a loss  during  1940  and  1941. 

Lease  D. — The  production  curve  for  this  lease  is  not  shown  in  fig- 
ure 13,  but  complete  data  are  gi\Ten  in  the  accompanying  table. 
Production  in  1937  Avas  6,846  barrels  from  157  oil  Avells  and  12  pres- 
sure wells.  Rehabilitation  Avork  Avas  started  in  1938.  Fifteen  Avells 
were  cleaned  out  in  that  year,  25  in  1939,  23  in  1940,  and  6 in  1941. 
Three  pressure  wells  Avere  drilled  in  1940.  Production  increased  to 
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11,440  barrels  in  1941.  Projection  of  the  decline  in  production  from 
1934  to  1937  indicates  that  had  no  work  been  done,  the  lease  would 
have  produced  only  5,940  barrels  in  1941.  The  actual  cost  per  barrel 
in  that  year  was  $1.78,  but  this  would  have  been  $3.22  if  the  work 
had  not  been  done.  The  work  cost  about  $19,000,  and  the  value  of 
the  additional  oil  already  run  is  $43,000.  The  lease  is  still  producing 
nearly  twice  as  much  as  it  did  in  1937. 


TABLE  5— COST  AND  PRODUCTION  DATA  FOR  LEASE  D 


1937 

1938 

1939 

1940 

1941 

ACTUAL  EXPERIENCE  WITH 
CLEANING  OUT 

Oil  wells  in  operation 

157 

157 

157 

157 

157 

Air  wells  in  operation 

12 

12 

12 

16 

16 

Book  operating  expense* 

$11,784.47 

$12,646.86 

$11,668.91 

$13,857.42 

$12,414.24 

Depreciation,  depletion  and  amortiza- 

tion  . _ ...  _ 

$6,659.45 

$7,129.46 

$7,294.89 

$7,393.43 

$7,464.31 

Number  of  wells  cleaned  

Cost  of  cleaning  out  

0 

15 

$1,618.35 

25 

$2,823.06 

23 

$3,180.86 

6 

$529.25 

$6,390.76 

$27,785.43 

$$4,370.34 

$24,431.71 

Actual  total  expenses!  

$18,443.92 

$21,786.86 

$20,407.80 

Actual  production,  bbl.  

Cost  per  barrel 

6,846 

10,189 

$2.73 

11,306 

$1.93 

11,489 

$2.13 

11,440 

$1.78 

NO  CLEANING  OUT 

Estimated  cost  with  no  cleaning  out§_ 

$18,443.92 

$19,253.18 

$18,245.28 

$20,481.05 

$19,085.68 

Predicted  production,  bbl 4 

6,846 

6,570 

6,300 

6,120 

5,940 

Cost  per  barrel  

$2.69 

$2.93 

$2.90 

$3.35 

$3.22 

* Includes  overhead  and  general  expense.  fDoes  not  include  interest  or  invested  capital. 
{Based  on  decline  1932-37  inclusive.  § Equals  book  operating  plus  depreciation,  amortization 
and  depletion  based  on  predicted  production.  H Three  air  input  wells  drilled  and  equipped. 


Lease  E. — Lease  E illustrates  a somewhat  different  use  of  the 
cleanout  tools  from  the  previous  examples.  In  this  case  there  were 
nearly  enough  oil  wells  on  the  lease  to  make  intensive  repressuring 
possible.  Some  of  these  were  cleaned  out,  and  in  addition  several 
wells  that  had  been  plugged  and  abandoned  were  reopened  and 
reshot.  Seven  new  pressure  wells  were  drilled,  and  one  old  well  was 
converted  to  a pressure  well.  The  difference  lies  in  the  fact  that  this 
sort  of  cleanout  work  is  really  a part  of  the  repressuring  develop- 
ment work  and  its  expense  could  logically  be  charged  to  investment, 
along  with  new  drilling,  installation  of  plants,  and  so  on.  The  work 
discussed  in  the  previous  examples  is  a necessary,  although  fre- 
quently neglected,  maintenance  operation,  and  is  usually  and  prop- 
erly charged  to  operating  expense  on  the  company’s  books. 

During  1939  there  were  30  producing  wells  and  1 pressure  well  in 
operation.  The  lease  produced  570  barrels  (net)  in  that  year,  and 
total  operating  expense,  including  depreciation  and  depletion,  but 
not  interest,  was  $883.  The  cost  per  barrel  was  therefore  $1.55. 

In  1940,  16  old  wells  were  cleaned  out  at  a cost  of  $1,800  and  four 
new  oil  wells  and  seven  new  pressure  wells  were  drilled.  One  old 
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oil  well  was  tubed  and  made  into  a pressure  well.  The  cost  of  this 
work  was  $16,515.  Lifting  expense  in  1940  increased  to  $2,547  and 
depletion,  depreciation,  overhead,  and  property  taxes  increased  to 
$3,052,  so  that  total  operating  expense,  not  including  drilling  and 
cleaning  out,  was  $5,599.  The  lease  produced  3,476  barrels  of  oil 
in  1940,  at  a cost  of  $1.66  per  barrel.  In  1941  operating  expense  was 
$7,311  and  the  lease  produced  4,614  barrels  at  a cost  of  $1.58  per 
barrel. 

Projection  of  the  decline  curve  indicates  that  if  no  work  had  been 
done,  the  lease  would  have  produced  445  barrels  in  1940  and  345 
barrels  in  1941.  If  the  total  operating  expense  had  been  the  same 
in  those  years  as  it  was  in  1939,  or  $883,  the  cost  per  barrel  in  1940 
and  1941  would  have  been  $1.98  and  $2.56,  respectively.  During  1940 
and  1941  the  extra  oil  produced  as  a result  of  the  repressuring  work 
was  7,300  barrels,  which  at  an  average  price  of  $2.25  sold  for  $16,420. 
The  lifting  cost,  overhead,  and  property  taxes  were  $7,065,  leaving 
$9,355  to  pay  for  the  development  work.  This  nearly  will  have  been 
paid  for  by  the  end  of  1942,  and  the  lease  will  be  producing  about 
8 barrels  per  day  instead  of  only  1 barrel  per  day. 

The  itemized  cost  of  drilling  new  wells  in  1941,  using  all  new  ma- 
terial, is  given  below.  The  cost  can  be  lowered  somewhat  by  using 
second-hand  material. 

Table  6 — Cost  of  drilling  and  equipping  typical  wells. 

COST  OP  DRILLING  AND  EQUIPPING  AN  800-FT.  PRODUCING  WELL 


A.  Tangible  items  (Material) 

24'  wood  conductor,  at  .25  per  ft $6.00 

250'  6(4"  steel  casing,  at  .6963  174.07 

800'  2"  tubing,  at  .2202  176.17 

10'  2"  anchor,  perforated  2.20 

800'  %"  sucker  rods,  at  .07  56.00 

5'  working  barrel  11.50 

1 set  of  valves  with  balls,  seats,  and  cups 8.66 

1 stuffing  box  2.10 

1 polish  rod  1%"  x 11'  4.10 

1 Johnson  casing  head  . 8.76 

1 iron  jack  complete  30.25 

1 4'  x 4'  tank  with  top  30.00 

600'  %"  iron  pull  rods  34.20 

fittings,  2"  stops,  etc 8.00 

300'  2"  oil  line  59.04 

300'  2"  gas  line  59.04  ' 

1/25  of  a power,  including  engines  and  building  at  $2100 

each  84.00 

Proportionate  cost  of  lease  house  100.00 

Proportionate  cost  of  stock  tanks,  truck,  and 

tractor  25.00 

Derrick  pole  and  guy  wires 14.50 

Jack  sills  and  rod  line  posts  7.20 


Total  $900.79 
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B.  Intangible  items 

Drilling  800  feet  $560.00 

Shooting,  30  quarts 70.00 

Cleaning  out,  3 days  75.00 

Clearing  location  6.00 

Connecting  to  power,  setting  jack  and  pole  10.00 


Total  $721.00 

Total  tangible  and  intangible  cost  $1,621.79 


Figure  14 — Spudding  machine  mounted  on  truck  cleaning  out  an  old  well. 


COST  OF  DRILLING  AND  EQUIPPING  AN  800-FT.  PRESSURE 
INJECTION  WELL 
A.  Tangible  items  (Material) 


24'  wood  conductor  $6.00 

250'  614"  casing  174.07 

800'  2"  galvanized  tubing  170.56 

600'  %"  galvanized  pipe  81.12 

500'  1"  galvanized  pipe  49.75 

3 614"  balloon  packers  171.00 

1 four  bolt  clamp 2.50 

1 stuffing  box  9.75 

1 drip  16.50 

1 air  head  13.00 

1 bypass  17.00 


Total  $711.25 
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B.  Intangible  items 

Drilling  800  feet  $560.00 

Clearing  location  6.00 

Welding  packers,  4 hrs.  at  $1.50 6.00 

Hauling  casing  and  pipe  5.00 

Setting  packers  12.50 

Connecting  bypass,  drip,  etc 2.50 

Core  analysis,  24  feet — 

22  permeability 
13  saturation 

13  porosity  tests  52.50 


Total  $644.50 

Total  tangible  and  intangible  items  $1,355.75 


To  the  cost  of  the  pressure  wells  must  be  added  the  proportionate 
cost  of  the  compressor  plant.  Two  such  plants  recently  installed 
cost  about  $20.00  per  thousand  cubic  feet  of  daily  capacity.  An 
average  pressure  well  takes  about  25,000  cubic  feet  per  day,  so  that 
the  compressor  cost  per  well  is  about  $500.00.  This  makes  the  total 
cost  of  pressure  injection  wells  $1,855.75  each. 

OIL  RESERVES 

In  general  a volumetric  method  was  used  in  estimating  total  oil 
content  of  the  sands  in  the  Oil  City  quadrangle.  The  necessary  data 
determined  or  estimated  are  the  average  thickness  of  “pay”  sand, 
the  average  oil  content  in  barrels  per  acre-foot  of  this  sand,  and  the 
number  of  acre-feet  of  oil-bearing  sand.  Multiplication  of  these 
factors  gives  the  estimated  total  oil  content.  Inasmuch  as  uniformity 
does  not  exist  either  in  the  pools  themselves  or  in  the  quantity  and 
accuracy  of  the  data  on  the  several  pools,  these  estimates  must  vary 
both  in  the  methods  used  in  reaching  them  and  in  their  accuracy. 

The  estimates  of  total  oil  content  are  based  on  relatively  few 
analyses  of  cores,  must  of  which  were  taken  in  the  Oil  City-Rouseville 
Second  sand  pool.  Very  few  analyses  are  available  for  the  Gray 
sand  and  for  most  of  the  outlying  pools.  The  analyses  available 
cannot  be  regarded  as  entirely  reliable  because  of  the  errors  in 
analysis  and  sampling,  and  particularly  because  of  the  likelihood  of 
flushing  of  the  oil  out  of  the  core  by  the  water  used  in  drilling.  They 
are,  however,  consistent  and  are  comparable  to  those  of  the  Titusville 
and  Franklin  quadrangles.  They  may  be  regarded  as  minimum 
values,  and  the  actual  oil  content  may  be  greater. 

For  those  pools  for  which  no  analyses  were  available,  an  average 
oil  content  of  250  barrels  per  acre-foot  was  assigned,  except  where 
the  character  of  the  sand  or  production  history  indicated  that  the 
oil  content  was  considerably  poorer  or  considerably  better  than 
average,  in  which  case  the  oil  content  was  lowered  to  200  or  less  or 
raised  to  300  barrels  per  acre-foot. 


(in  thousands  of  barrels) 
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1 Oil  theoretically  recoverable  by  intensive  repressuring;  in  general,  oil  in  excess  of  150  bbi.  per  acre-foot. 

2 Oil  probably  recoverable  by  repressuring  ; 40  percent  of  theoretically  "recoverable”  oi). 

3 Total  acreage  of  ail  sands.  Actual  producing  acreage  is  39,500,  and  abandoned  acreage  2,600. 
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It ‘lias  been  indicated1  that  only  the  oil  in  excess  of  150  barrels 
per  acre-foot  is  recoverable  by  mechanical  methods.2  This  quantity 
is  shown  as  “Total  Recoverable  Oil”  is  Table  7.  Even  with  inten- 
sive repressuring,  however,  it  is  unlikely  that  all  of  this  oil  can  be 
recovered,  although  certain  pi’ojects  have  recovered  as  much  as  60 
percent  of  the  oil  in  excess  of  150  barrels  per  acre-foot. 

A more  reasonable  estimate  of  the  amount  of  oil  that  may  be 
actually  recovered  is  40  percent  of  the  amount  in  excess  of  150  bar- 
rels per  acre-foot.  This  quantity  is  shown  in  the  last  column  of  Table 
7,  “Oil  Recoverable  by  Repressuring.” 

A somewhat  different  method  of  estimating  the  oil  actually  recov- 
erable was  described  in  a recent  paper  by  the  authors.3  The  percentage 
of  the  total  theoretically  recoverable  oil  that  can  be  recovered  eco- 
nomically will  depend  on  the  depth  and  thickness  of  the  oil  sands.  In 
addition,  whether  or  not  it  will  be  possible  to  develop  an  oil  property 
depends  on  the  difference  between  the  cost  per  barrel  of  producing 
oil  and  the  price  received  for  it.  The  cost  per  barrel  of  producing  oil 
depends  on  the  depth  of  the  oil  sand  and  the  total  recoverable  oil  in 
it,  and  may  be  estimated.  Every  change  in  the  price  of  oil  throws  a 
considerable  productive  acreage  in  or  out  of  the  economically  recov- 
erable class.  On  the  basis  of  $3.00  oil,  a considerable  portion  of  the 
acreage  in  the  Oil  City  quadrangle  would  be  uneconomic  to  operate, 
even  by  modern  secondary  methods.  The  column  “Oil  Recoverable 
by  Repressuring”  therefore  includes  more  oil  than  will  probably  be 
recovered  unless  the  price  of  oil  rises  considerably. 

OIL  POOLS 

COBRY  SANDSTONE  OIL  POOL 

McPhersons  Corner 

About  one  mile  west  of  McPhersons  Corner  there  is  about  20  acres 
in  which  five  wells  produce  oil  from  the  Corry  sandstone,  here  called, 
as  usual,  the  Mountain  sand.  The  thickness  of  the  sand  ranges  between 
13  and  20  feet.  It  is  a medium-coarse  white  sandstone  with  occasional 
shaly  lenses.  The  oil  occurs  in  the  upper  10  feet,  overlying  fresh  water. 

The  oil  produced  is  light  amber,  and  is  said  to  become  very  viscous 
in  cold  weather.  Some  gas  is  found  in  the  Corry  in  these  and  other 
wells  in  the  vicinity. 

1 Dickey,  P.  A.  and  Bossier,  R.  B.,  Oil  Recovery  by  Air  and  Gas  Drive  in  Pennsyl- 
vania, In  Secondary  Recovery  of  Oil  in  the  U.  S.,  Special  Bulletin  of  the  Am.  Petr. 
Inst.,  1942. 

2 Excluding  heat  and  solvents,  the  use  of  which  is  probably  uneconomic  at  the  present 
price  of  oil. 

3 Dickey,  P.  A.  and  Matteson,  L.  S.,  Secondary  Recovery  governs  future  of  Pennsyl- 
vania Fields  : Oil  and  Gas  Journal,  Dec.  18,  1941. 
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OIL  POOLS  IN  FIRST  SAND 
Pools  in  northwest  part  of  the  quadrangle 

In  Oakland  Township  there  are  several  small  pools  in  the  First 
sand.  The  largest  of  these  is  the  southern  extension  of  the  Oakland 
pool  of  the  Titusville  quadrangle.  This 'pool  was  discovered  about 
1910.  There  is  about  25  feet  of  pay  sand,  broken  in  the  middle  by 
about  10  feet  of  shale.  The  pay  is  in  the  lower  part  of  the  First  Sand 
formation.  No  very  pebbly  beds  are  present.  The  oil  is  light-colored 
and  42°  to  45°  A.  P.  I.  gravity. 

One-quarter  of  a mile  northwest  of  the  northwest  corner  of  the 
quadrangle  is  another  First  Sand  pool.  A core  taken  in  this  pool 
showed  13  to  16  feet  of  good  sand  with  some  shale  beds.  The  sand 
was  uniformly  coarse,  but  firm  and  rather  hard.  Porosity  averaged 
about  20  percent  and  saturation  30  percent.  Permeability  was  less 
than  350  millidarcies.  A small  bed  of  pebbles  Avas  noted  near  the 
bottom. 

Farther  south  near  Rossman  School  is  a very  small  abandoned  First 
Sand  pool  that  is  reported  to  have  contained  heavy  oil  like  that  of  the 
Franklin  Heavy  pool. 

Along  Wykle  Run  is  a pool  of  First  sand  that  is  reported  to  have 
been  developed  in  the  1870s  and  to  have  45  feet  of  sand.  The  top  is 
shelly  and  contains  a bed  of  “eloverseed”  (fine  uniform  pebbles).  The 
best  pay  is  in  the  middle  of  the  sand  and  a\rerages  about  15  feet  in 
thickness.  At  the  headwaters  of  Wykle  Run  there  is  another  small 
pool  that  is  said  to  have  been  flooded  with  fresh  water  and  abandoned 
before  1900. 

To  the  soutliAvest  in  the  Second  and  Third  Sand  pools  the  First 
sand  is  only  occasionally  reported  in  the  older  well  records,  although 
it  is  doubtless  everywhere  present.  It  is  supposed  to  be  productAe 
in  only  a few  localities.  As  little  attention  was  paid  to  it  by  the 
drillers,  it  is  impossible  to  define  these  places,  and  in  fact  it  may  be 
productive  in  many  more  places  than  is  realized.  In  the  Titusville 
quadrangle  the  First  sand  was  generally  disregarded  in  the  early 
drilling  for  Third  Sand  production,  and  it  was  not  until  certain  wells 
were  cored  in  the  First  sand  that  its  possibilities  Avere  realized.  It  is 
generally  “spotty”  but  where  the  sand  is  Avell  developed  it  may  be 
quite  rich. 

A small  area  east  of  Cherry  Run  near  Rouseville  has  good  First 
sand.  The  sand  is  variable,  containing  beds  of  pebbles,  shaly  sand, 
and  shale,  but  in  one  cored  Avell  there  is  altogether  17  feet  of  sand 
with  a porosity  of  18  percent  and  an  oil  content  of  more  than  300 
barrels  per  acre-foot.  The  permeability  is  quite  variable. 
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The  First  sand  is  reported  to  be  productive  near  Walnut  Bend,  and 
a small  area  north  of  Henrys  Bend  is  also  reported  to  be  productive 
in  the  First  sand.  It  will  be  noted  that  these  pools  fall  in  a general 
line  from  Walnut  Bend  through  Rynd  Farm,  and  it  is  suggested  that 
along  this  trend  close  attention  be  paid  to  the  First  sand  while  drilling. 

These  scattered  pools  in  the  northern  part  of  the  quadrangle  em- 
brace about  430  acres,  of  which  about  130  acres  have  been  abandoned. 

Cranberry-Rock  la  nfl 

Some  production  from  the  First  sand  has  been  obtained  about  one 
mile  southeast  of  Cranberry.  A well  drilled  in  1912  is  reported  to 
have  had  an  initial  production  of  175  barrels  per  day.  Records  show 
a total  of  about  60  feet  of  sand,  with  the  pay  at  the  bottom,  consist- 
ing of  about  10  feet  of  hard  white  sand. 

A small  pool  1%  mile  south  of  Cranberry,  now  abandoned,  pro- 
duced light  amber  oil  from  the  First  sand.  White  “sugar”  sand  was 
reported  and  initial  production  was  three  barrels  per  day.  First  Sand 
oil  is  produced  in  a few  small  pools  following  the  same  trend  to  Rock- 
land. The  sand  is  between  45  and  50  feet  thick.  Some  gas  may  be 
found  in  the  upper  part,  but  the  oil  is  confined  to  the  lowermost  5 
to  20  feet.  It  is  reported  that  First  Sand  oil  has  been  produced  from 
many  other  wells  along  this  trend,  all  of  which  are  now  abandoned. 
The  trend  continues  into  the  Franklin  quadrangle  as  far  as  Floyd. 

About  350  acres  are  still  producing  oil.  The  extent  of  the  aban- 
doned area  was  not  ascertained,  but  it  may  have  been  considerably 
larger. 

OIL  POOLS  IN  EED  VALLEY  SAND 

General  Considerations 

The  Red  Valley  sand  derives  its  name  from  the  Red  Valley  oil  pool. 
This  pool  was  discovered  in  1885.  It  lies  mainly  in  the  Foxburg  quad- 
rangle, a small  portion  of  the  pool  extending  into  the  Oil  City  quad- 
rangle near  the  southwest  corner,  l1/^  miles  east  of  Freedom  (Pitts- 
ville).  No  records  were  obtained  from  this  pool,  and  only  a few  from 
an  adjoining  pool  about  half  a mile  northeast,  which  doubtless  pro- 
duces from  the  same  sand.  This  sand  lies  about  260  feet  below  the 
Corrv,  or  about  100  feet  above  the  top  of  the  Second  sand.  Therefore 
it  is  in  the  Saegerstown  shale  horizon,  and  will  be  called  Red  Valley 
in  this  report,  equivalent  to  the  White  sand  of  the  Tidioute  report 
(Progress  Report  118). 

The  sand  that  is  generally  called  Red  Valley  in  the  northern  part 
of  the  quadrangle  lies  about  60  feet  stratigraphicallv  lower,  and  the 
name  has  therefore  been  misapplied.  This  lower  sand  is  called  the 
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Second  between  Tidioute  and  Pleasantville,  Lytle  between  Pleasant- 
ville  and  Pithole  (after  the  Lytle  farm,  three  miles  south  of  Pleasant- 
ville), and  Red  Valley  from  Pithole  to  Oil  City.  It  would  probably 
be  most  correct  to  call  the  lower  sand  the  Lytle,  since  this  name  has 
never  been  applied  to  any  other  sand,  and  to  reserve  the  name  Red 
Valley  for  the  upper  sand.  This  would  fit  the  rule  of  precedence, 
and  name  both  the  sands  after  their  type  localities.  The  use  of  the 
name  Red  Valley  for  the  lower  sand  is  well  established  among  the 
drillers  between  Plumer  and  Rockmere.  In  the  Titusville  report 
(M-22,  p.  27)  it  was  incorrectly  believed  that  the  lower  sand  cor- 
related with  that  of  the  Red  Valley  pool,  and  in  view  of  this  and  the 
well  established  usage  the  name  Red  Valley  was  used  for  the  lower 
sand  in  that  report. 

In  this  report  the  rule  of  precedence  will  be  followed  and  the  least 
confusion  will  be  caused  by  calling  the  upper  sand  the  Red  Valley, 
and  the  lower  sand  the  Lytle. 

Like  the  other  oil-producing  members  of  the  First  Sand  formation, 
the  Red  Valley  sand  is  unevenly  developed.  Pools  in  it  are  irregular 
and  generally  of  small  area.  It  is  impossible  to  correlate  the  sands 
between  pools,  and  it  is  probable  that  the  productive  lenses  occur 
at  slightly  different  stratigraphic  positions.  Pools  in  this  sand  are 
confined  to  the  southeast  half  of  the  quadrangle.  The  sand  is  not  re- 
ported elsewhere  and  is  probably  thin  or  missing. 

President  Township 

Three  small  pools,  all  now  abandoned,  produced  oil  from  the  Red 
Valley  sand  in  the  vicinity  of  President.  Nothing  was  found  out  about 
the  character  of  the  sand.  A well  at  Baum,  north  of  Allegheny  River, 
reported  a show  of  oil  in  a sand  at  this  horizon. 

Pinegrove  Township 

At  Clapp  Lease  the  Red  Valley  sand  is  productive  in  an  area  of 
about  360  acres.  A core  taken  here  showed  9.5  feet  of  sand  with  a 
porosity  of  10  percent  and  saturation  of  about  24  percent.  The  upper 
six  feet  was  mostly  tightly  cemented  conglomerate.  This  was  followed 
by  two  feet  of  hard,  pebbly  gray  sand,  and  two  feet  of  fine,  light  gray 
sand  with  few  pebbles.  Some  gas  but  very  little  salt  water  is  pro- 
duced with  the  oil.  The  production  is  said  not  to  hold  up  very  well. 
“Gypsum”  (probably  lime)  collects  on  the  face  of  the  sand,  and  this 
may  account  for  the  rapid  decline  in  productivity.  This  district  was 
drilled  originally  for  Gray  Sand  oil,  and  little  attention  was  paid  to 
the  upper  sands.  In  recent  years  several  old  wells  have  been  shot  in 
the  Red  Valley  sand. 
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To  the  south  of  the  Clapp  Lease  pool  and  west  of  Powell  Corners 
is  a long,  narrow  pool  of  about  300  acres.  There  is  about  25  feet  of 
“formation”  with  five  feet  at  the  bottom  considered  “pay.”  The 
sand  is  hard  and  fine,  with  no  pebbles  . Much  salt  water  is  produced 
with  the  oil.  Initial  productions  of  new  wells  are  rather  small,  not 
over  one  or  two  barrels  per  day. 

An  area  of  about  250  acres  along  East  Sandy  Creek  near  the  mouth 
of  Prairie  Run,  F/o  miles  south  of  Centerville,  produces  oil  from  two 
sands  near  the  base  of  the  First  Sand  formation,  the  lower  of  which 
is  probably  equivalent  to  the  Red  Valley  sand.  The  upper  sand  ranges 
from  15  to  20  feet  in  thickness,  and  the  lower  pay  is  about  the  same, 
separated  from  the  upper  by  about  15  feet  of  shale. 

Cranberry  Township 

Three  small  areas  around  Carnes  School  totaling  about  230  acres 
produce  from  two  sands,  separated  by  about  15  feet  of  shale.  Each 
of  the  sands  is  10  to  15  feet  thick,  and  they  are  generally  called  “First 
Sand.”  The  top  of  the  upper  sand  lies  about  280  feet  below  the 
Corry  sandstone,  so  that  both  sands  are  probably  in  the  Red  Valley 
horizon.  The  sand  is  hard,  dark  gray,  and  commonly  pebbly.  The  oil 
is  light  amber  and  of  high  gravity.  AVater  is  present  at  the  bottom 
of  the  lower  pay,  and  about  five  times  as  much  water  as  oil  is  pro- 
duced. The  wells  producing  the  most  oil  are  said  to  yield  the  most 
water  also. 

A pool  containing  about  75  acres,  located  up  Tarkiln  Run  about 
half  a mile  north  of  Van,  produces  oil  from  the  Red  Valley  sand. 
About  40  feet  of  First  sand  is  generally  recorded  as  present  10  to  20 
feet  above  its  top.  The  top  two  feet  is  reported  to  be  “cloverseed” 
(very  coarse  sand),  followed  by  about  15  feet  of  gray  to  white  “sugar” 
sand.  The  bottom  two  feet  is  pebbly,  some  of  the  pebbles  being  as  big 
as  beans.  Salt  water  was  found  at  the  bottom  of  the  sand,  and  the 
wells  produce  about  twice  as  much  water  as  oil.  Little  gas  was  found. 
The  oil  is  light  yellow  and  of  high  gravity.  The  district  Avas  repres- 
sured from  1934  to  1938.  Pressures  required  to  inject  the  gas  Avere 
about  80  pounds  per  square  inch.  Some  gas  is  found  in  the  Cray 
sand  in  this  pool,  and  a show  of  light  amber  oil  is  reported  in  the 
Third  sand. 

Rockland  Township 

An  area  of  175  acres  is  productFe  from  the  Red  Valley  sand  about 
two  miles  east  of  Freedom  (Pittsville).  This  is  part  of  the  Red  Valley 
pool  which  Avas  discovered  in  1885  and  most  of  Avhich  is  in  the  Fox- 
burg  quadrangle.  A small  outlier  one  mile  soutliAvest  of  Maple  Hollow 
School  Avas  discovered  in  1938.  Production  is  from  two  pays,  the  lower 
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of  which  is  probably  the  Reel  Valley  horizon.  Speec-hley  gas  has  been 
used  for  repressuring. 

Pools  in  the  eastern  end  of  Rockland  Township  are  described  under 
Richland  Township. 

Richland  Township 

Between  Niekleville  and  Lamberton  School  is  a long  and  narrow 
pool  containing  about  560  acres,  which  is  productive  of  oil  in  the  lower 
part  of  the  First  Sand  formation.  It  was  discovered  in  1902  by  a 
well  that  made  25  barrels  per  day  initially.  Later  wells  had  initial 
production  of  several  hundred  barrels  daily.  The  exact  stratigraphic 
position  of  the  productive  horizon  is  difficult  to  determine.  In  this 
area  the  Second  sand  is  occasionally  reported  in  drillers’  logs,  but  at 
erratic  positions,  and  it  has  clearly  lost  its  identity  as  far  as  the  drillers 
are  concerned.  At  Bissel  Park,  where  the  Nickleville-Lamberton 
School  pool  conies  close  to  the  Gray  Sand  pool,  the  productive  hor- 
izon appears  to  lie  about  230  feet  above  the  Gray  sand.  The  Gray 
sand  at  Bissel  Park,  however,  is  dipping  rather  steeply  to  the  south- 
east (40  feet  per  mile),  so  that  this  interval,  without  more  complete 
records  than  are  available,  is  impossible  to  determine  with  assurance. 

The  sand  is  reported  to  be  a sugar  sand  near  Lamberton  School,  and 
to  be  coarser  and  pebbly  near  Niekleville.  The  pay  sand  is  from  9 
to  15  feet  thick.  The  oil  is  light  colored,  and  less  water  than  oil  is  pro- 
duced. Part  of  the  pool  was  repressured  with  gas  between  1930  and 
1939.  About  200  pounds  per  square  inch  was  required  to  inject  the 
gas.  Production  at  one  locality  is  said  to  have  been  increased  more 
than  ten  times.  A considerable  portion  of  the  pool  was  abandoned 
in  1941. 

A pool  of  about  250  acres  lj/o  miles  north  of  Niekleville  and  largely 
in  Rockland  Township  produces  from  a horizon  generally  called  First 
sand  in  well  records.  It  is  considered  by  the  drillers  to  be  the  same 
horizon  as  that  of  the  Lamberton-Nickleville  pool,  but  may  be  some- 
what lower  stratigraphically.  The  area  between  the  pools  has  been 
tested  and  is  dry.  The  pool  Avas  discovered  about  1905  by  wells  that 
produced  up  to  ten  barrels  of  oil  daily.  Recently  drilled  wells  have 
initial  productions  of  about  % barrel  per  day.  In  1916  Speechley  gas 
was  turned  into  the  sand,  and  some  wells  are  reported  to  have  flowed. 

OIL  POOLS  IN  LYTLE  SAND 

Walnut  Bend  Pool 

Extent.  The  largest  and  most  important  Lytle  Sand  pool  in  the 
quadrangle  is  the  Walnut  Bend  pool,  which  extends  from  between 
Plumer  and  Pithole  Creek  southwestward  through  Walnut  Bend  to 
Rockmere  on  the  Allegheny  River.  It  contains  about  3,500  acres. 


OIL  POOLS  IN  LYTLE  SAND 


91 


The  pool  is  bounded  on  the  west  by  the  rapid  thinning  out  and  dis- 
appearance of  the  sand.  The  most  productive  part  of  the  pool  is  the 
belt  lying  east  of  the  10-foot  thickness  contour  and  is  about  one  mile 
wide.  The  irregularity  of  the  boundaries  of  production  is  partly  due 
to  sand  variations,  but  appears  principally  due  to  variations  in  prop- 
erty ownership  and  more  extensive  drilling  by  certain  owners  than 
by  others. 

As  the  sand  thins  to  the  west  it  becomes  less  productive,  and  little 
oil  is  produced  where  it  is  less  than  10  feet  thick.  To  the  east  the  sand 
thickens,  attaining  an  average  thickness  of  20  feet  near  the  east  edge 
of  the  pool.  It  continues  to  thicken  eastward,  and  in  the  vicinity  of 
Stewart  Run  averages  30  feet.  It  is  probable  that  the  eastern  edge 
of  the  pool  is  not  well  defined  and  that  the  sand  contains  oil  contin- 
uously beyond  the  edge  of  production.  However,  the  permeability 
and  porosity  are  so  low  that  production  is  very  small.  The  valley  of 
Pithole  Creek  marks  the  eastern  edge  for  a distance,  probably  because 
drilling  in  this  deep  and  wild  gorge  would  be  more  expensive  than 
the  productivity  of  the  sand  would  warrant. 

Throughout  the  pool  the  sand  averages  about  16  feet  in  thickness. 
For  the  most  part  it  is  quite  uniform  fine  clean  sand,  often  soft  and 
“pasty,”  unbroken  by  shale.  Thin  pebble  beds  usually  occur  at 
either  the  top  or  bottom  or  both.  Permeability  averages  probably  less 
than  200  millidarcies,  although  few  cores  are  available. 

In  the  northern  and  central  parts  of  the  pool  the  sand  produces 
relatively  small  quantities  of  water.  In  certain  districts  the  total 
liquid  pumped  is  insufficient  to  clean  the  scale  and  rust  from  the  balls 
and  seats  *of  the  pumps.  Many  wells  have  been  deepened  to  the 
Second  sand,  which  yields  several  barrels  daily  of  strong  salt  water 
and  a little  oil.  In  the  southern  part  of  the  pool  the  sand  is  similar 
but  produces  somewhat  more  water. 

History.  From  1861  to  1865  there  was  extensive  drilling  up  the 
Allegheny  River  from  Oil  City.  Small  wells  that  produced  from  the 
Second  sand  were  drilled  between  Oil  City  and  Rockmere  between 
1861  and  1864.  The  Star  well  at  Walnut  Bend  flowed  200  barrels  per 
day  in  1861.  Several  small  wells  were  drilled  between  Walnut  Bend 
and  Henrys  Bend.  xV  well  on  the  Heydrick  farm  near  Ilemrys  Bend 
drilled  in  1860  flowed  at  the  rate  of  1,800  barrels  per  day  for  10  days. 
The  small  pool  near  Baum  was  discovered  before  1865.  Numerous 
wells  were  drilled  up  Pithole  Creek  before  1870,  but  were  not  con- 
sidered commercial  producers. 

Previous  to  about  1890  the  Lytle  sand  was  very  poorly  regarded  by 
the  early  drillers.  In  the  Plumer-Pithole  district  (in  the  Titusville 
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quadrangle)  drilling  was  mainly  for  Third  Sand  production,  although 
the  Lytle  sand  above  was  present.  This  sand  would  show  oil  when 
drilled  into,  and  produce  well  for  a short  time  after  a shot.  The  pro- 
duction would  decrease  rapidly,  however,  partly  because  of  the  low 
gas  pressure  and  partly  because  the  permeability  was  low  by  com- 
parison with  that  of  the  Third  sand.  Both  the  First  and  Lytle  sands 
were  considered  ‘‘flashy”  and  to  contain  “slush”  oil.  The  Lytle  sand 
was  first  developed  on  the  Lytle  farm,  three  miles  south  of  Pleasant- 
ville,  about  1890.  The  Walnut  Bend  pool  is  along  the  same  trend  as 
the  Pleasantville-Pithole-Plumer  belt  of  pools,  and  the  sand  is,  in 
general,  very  similar. 

At  present,  spacing  ranges  from  200  to  400  feet  between  wells.  Re- 
cently drilled  wells  have  initial  productions  as  high  as  5 or  10  barrels 
per  day.  The  older  wells,  unless  affected  by  repressuring,  average 
about  Y10  barrel  per  day.  Most  leases  are  pumped  at  least  every 
other  day.  Little  trouble  with  paraffin  or  “gypsum”  is  encountered. 

Most  of  the  pool  north  of  the  Allegheny  River  has  been  subjected 
to  air  or  gas  drive  since  about  1935.  None  of  the  leases  are  repres- 
sured very  intensively,  but  the  results  seem  to  have  been  quite  suc- 
cessful. 

Stewart  Run  Pools 

Several  small  oil  pools  producing  principally  from  the  Lytle  sand 
lie  near  the  northeast  corner  of  the  quadrangle  in  the  vicinity  of 
Stewart  Run.  Most  of  them  were  discovered  and  developed  between 
1900  and  1910.  Besides  the  pools  as  outlined,  there  are  numerous 
scattered  non-commercial  wells,  which,  although  they  were  not  dry, 
have  never  been  produced.  The  locations  of  some  of  these  are  shown 
on  the  Lytle  Sand  map,  plate  III,  and  also,  but  on  a greatly  reduced 
scale,  on  figure  3. 

The  largest  of  these  pools  is  the  northernmost.  The  sand  is  about  30 
feet  thick  and  variable.  Ususally  a thin  bed  of  pebbles  overlies  a foot 
or  so  of  shale  at  the  top.  As  a rule  the  upper  part  of  the  sand  body  is 
pebbly  although  in  one  well  pebbles  were  found  in  the  lower  part. 
The  porosity  and  permeability  range  widely,  the  latter  up  to  900 
millidarcies  in  certain  beds.  Some  cored  wells  showed  a low  perme- 
ability throughout  the  sand.  The  best  sand  is  confined  to  an  area  of 
only  a few  acres,  where  the  first  wells  are  reported  to  have  produced 
as  much  as  100  barrels  per  day.  This  pool  is  subjected  to  air  drive 
with  good  results,  although  bypassing  is  a rather  serious  problem. 
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Little  information  was  available  on  the  other  pools  in  the  area. 
Those  in  the  vicinity  of  Baum  and  Eagle  Rock  were  not  being  operated 
in  1942. 

It  seems  likely  that  the  Lytle  sand  extends  under  all  the  northeast- 
ern part  of  the  quadrangle,  and  that  in  most  places  it  contains  some 
oil.  Only  in  certain  spots,  however,  is  the  porosity  and  permeability 
of  the  sand  sufficiently  great  to  afford  commercial  possibilities.  It 
will  be  noted  that  the  various  pools  line  up  in  trends,  most  prominent 
of  which  is  that  extending  from  Henrys  Bend  to  Pine  Run.  If  the 
price  of  oil  at  some  future  date  should  warrant,  further  prospecting 
might  well  be  directed  in  and  along  this  trend. 

Wells  were  drilled  along  the  Allegheny  River  in  the  1860 ’s  above 
the  mouth  of  Stewart  Run,  but  none  found  production,  and  the  drillers 
reported  the  sands  irregular  and  not  properly  developed. 

Four  small  pools  totaling  about  450  acres  produce  oil  from  the  Lytle 
sand  south  of  the  Allegheny  River  and  southeast  of  Oil  City.  The 
thickness  reported  in  records  ranges  between  15  and  20  feet. 

OIL  POOLS  IN  SECOND  SAND 

Rouseville-Oil  City  Pool 

Extent.  The  Rouseville-Oil  City  Second  Sand  pool  is  part  of  a 
large  area  of  continuously  productive  territory  extending  from  Petro- 
leum Center  in  the  Titusville  quadrangle  southwest  to  the  mouth  of 
Sandy  Creek  on  the  Allegheny  River  in  the  Franklin  quadrangle. 
About  14,000  acres  of  this  pool  fall  within  the  Oil  City  quadrangle. 
(See  plate  IY.)  The  Second  sand  is  also  productive  along  the  same 
trend  farther  southwest  in  the  Clintonville  pool  (in  the  Ililliards 
quadrangle)  and  northeast  at  Pleasantville  (in  the  Titusville  quad- 
rangle). 

The  northwestern  edge  of  the  pool  is  remarkably  smooth  and  nearly 
straight,  and  is  parallel  to  the  northwest  edge  of  the  sand  body.  The 
edge  strikes  between  N.  30°E.  and  N.  40°E.,  and  northwest  of  it 
the  sand  is  entirely  missing.  The  southeastern  edge  is  poorly 
defined,  and  the  best  production  is  all  found  within  three  miles  of 
the  northwest  edge. 

In  the  Oil  City  quadrangle  the  northwest  edge  of  the  pool  coincides 
closely  with  the  20-foot  sand  thickness  contour.  It  enters  the  quad- 
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rangle  from  the  north  along  Cherrytree  Run,  and  leaves  it  near  Ross- 
man  School.  The  rate  of  thinning  of  the  sand  northwest  of  this  line  is 
not  known,  as  few  well  records  were  available,  but  the  sand  probably 
disappears  within  a mile  or  two. 

To  the  southeast  the  sand  does  not  disappear,  but  gets  hard,  im- 
permeable, and  less  productive.  The  Second  sand  is  generally  pro- 
ductive as  far  to  the  southeast  as  the  road  between  Plumer  and  Oil 
City.  Along  this  road,  however,  the  principal  production  is  from  the 
Gray  sand,  and  some  wells  are  not  shot  in  the  Second.  Farther  south- 
east in  the  Walnut  Bend  district  (q.v.,  p.  104)  the  sand  is  very  good 
in  places,  but  most  wells  are  not  drilled  deeper  than  the  Lytle  sand. 

South  of  the  Allegheny  River  the  southeast  edge  of  the  pool  is 
fairly  straight,  extending  from  Pin  Oak  School  southward  between 
Monarch  Park  and  Egypt  Corners.  The  pool  is  continuous  with  the 
Foster-Reno  field  of  the  Franklin  quadrangle. 

History.  The  Third  sand  wells  in  the  valley  of  Oil  Creek  and  along 
the  Allegheny  River  drilled  through  the  Second  sand  and  in  some  of 
them  this  sand  produced  considerable  quantities  of  oil.  On  the  Graff 
and  Hasson  farm  at  the  mouth  of  Cornplanter  Run  30  wells  in  1866 
were  producing  almost  entirely  from  the  “Second  Sandrock”.1  The 
Kier  well  at  Ryncl  Farm  flowed,  from  the  Second  sand  while  being 
drilled,  and  near  the  Emery  No.  1 well  on  the  Buchanan  farm  a well 
pumped  900  barrels  of  dark  colored  oil  from  the  Second  sand.2  The 
Abraham  Smith  well  on  the  Helfrich  farm,  near  Monarch  Park,  was 
drilled  in  1865,  and  other  wells  in  this  district  were  producing  by 
1870.  The  Haynes  farm  on  Cornplanter  Run  was  first  drilled  in  1870 
and  is  said  to  have  produced  100,000  barrels  of  oil. 

Most  drilling  before  1880,  however,  was  in  the  hope  of  finding  large 
Third  Sand  wells,  and  the  Second  sand  was  not  generally  developed 
until  the  late  1880 ’s.  From  then  until  about  1906  drilling  was  active  in 
all  parts  of  the  pool,  the  periods  of  greatest  activity  coinciding  with 
periods  of  higher  prices.  Since  1915  there  has  been  general  drilling 
inside  the  pool  between  the  older  wells,  much  of  it  in  connection  with 
repressuring  operations. 


1 Cone  and  Johns,  Petrolia,  p.  238. 

- Carll,  Oil  Well  Records  and  Levels,  Report  II. 
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Yery  little  of  tlie  pool  has  ever  been  completely  abandoned.  Parts 
of  Oil  Creek  Yalley  and  the  hills  east  of  Rouseville  were  abandoned 
before  1900,  and  have  never  been  entirely  redrilled.  The  same  is  true 
of  parts  of  Oil  City,  which  were  at  one  time  productive  from  the 
Second  and  Gray  sands. 

Lithology.  Along  both  sides  of  Oil  Creek  north  of  Rynd  Farm 
there  is  about  20  feet  of  Second  sand,  rather  uniform  in  character, 
although  a foot  or  two  of  shale  is  frequently  present  in  the  middle  of 
the  sand.  The  permeability  is  generally  low. 

At  Rynd  Farm  a bed  of  pebbly  sandstone  2 to  10  feet  thick  is  gen- 
erally considered  to  be  non-productive.  It  is  separated  by  two  feet 
of  shale  from  7 to  10  feet  of  good  sand.  The  porosity  is  about  15  per- 
cent and  the  oil  saturation  about  30  percent.  To  the  east  the  pebbly 
bed  seems  to  disappear,  and  along  Cherry  Run  the  sandstone  is  mostly 
medium-grained  and  gray.  The  porosity  is  about  16  percent,  satura- 
tion 19  percent,  and  the  permeability  generally  below  50  millidarcies. 

From  Rouseville  north  the  pool  was  mainly  drilled  for  Third  Sand 
production,  and  less  attention  has  been  paid  to  the  Second  sand  than 
it  seems  to  deserve.  The  permeabilities  run  quite  Ioav,  and  high  pres- 
sures are  required  to  inject  air  or  gas  into  it.  However,  the  oil  sat- 
urations are  generally  higher  in  the  Second  sand  than  in  the  others, 
and  higher  than  the  general  average  of  the  region.  It  is  possible  that 
good  recoveries  may  be  obtained  by  shooting  the  Second  Sand  input 
wells  and  using  moderately  high  pressures. 

The  bed  of  pebbles  at  the  top  of  the  sand  appears  to  extend  from 
Rynd  Farm  southwest  as  far  as  Cornplanter  Run,  near  the  northwest 
edge  of  production.  Near  the  upper  part  of  this  stream  the  Second 
consists  of  six  feet  of  pebbly  sand,  generally  regarded  as  no  good,  12 
feet  of  sugar  sand,  and  two  feet  of  shaly  sand  at  the  base. 

In  lower  Cornplanter  Run,  on  the  contrary,  the  top  5 to  10  feet  of 
the  sand  is  fine  and  hard,  with  Ioav  permeability.  Pebbles  are  more 
commonly  present  in  the  middle  and  loAArer  beds  of  the  sand,  which  are 
generally  coarser.  Porosities  range  from  14  to  20  percent,  and  the  oil 
content  from  250  to  350  barrels  per  acre-foot.  Permeabilities  are  less 
than  50  millidarcies  in  the  upper  part  compared  to  500  or  more  in  the 
lower  part  of  the  sand. 
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In  1926  the  Brundred  Oil  Corp.  took  six  diamond  cores  of  the  Sec- 
ond sand  on  their  leases  northwest  of  Oil  'City.  These  cores  were  ex- 
amined by  Charles  R.  Fettke,  of  the  Carnegie  Institute  of  Tech- 
nology and  Cooperating  Geologist  of  the  Pennsylvania  Geological  Sur- 
vey.1 Parts  of  Dr.  Fettke ’s  paper  are  reproduced  here,  not  only  be- 
cause of  their  petrographic  description  of  the  Second  sand,  but  be- 
cause they  were  the  first  determinations  of  oil  and  water  content  of  an 
oil  sand. 

A detailed  section  of  the  sand  developed  in  well  No.  42  on  Plate  II 
of  this  report  is  given,  and  is  shown  graphically  by  the  usual  conven- 
tional symbols  in  figure  15. 


Table  8 — Section  of  core  from  Well  No.  42 


Feet 

Top, 

Bottom, 

Feet 

Feet 

Shale 

0.46 

Fine-grained  sandstone  (contained  a brachiopod  shell)  

0 

0.46 

0.17 

Coarse-grained  sandstone  _ __  

0.46 

0.63 

0.17 

Medium-grained  sandstone  (contained  several  brachiopod  shells)  ... 

0.63 

0.80 

0.10 

Fine  conglomerate  „ __  ...  ..  __  _ 

0.80 

0.90 

0.06 

Medium-grained  sandstone  __  _ _ __  

0.90 

0.96 

0.17 

Shale  

0.96 

1.13 

0.25 

Coarse-grained  sandstone  __  _ __ 

1.13 

1.33 

2.00 

Medium-grained  sandstone  __ _ 

1.38 

3.38 

0.33 

Coarse-grained  sandstone  __  _ ___ 

3.38 

3.71 

0.83 

Fine-grained  sandstone  __  ___  . __  _ 

3.71 

4.54 

0.38 

Medium-grained  sandstone  ....  . 

4.54 

4.92 

0.13 

Very  coarse-grained  sandstone ...  ... 

4.92 

5.05 

3.46 

Fine-grained  sandstone  ...  ..  _ 

5.05 

8.51 

0.25 

Medium-grained  sandstone  .....  ..  

8.51 

8.76 

0.25 

Fine-grained  sandstone  

8.76 

9.01 

0.67 

Coarse-grained  sandstone  . ..  

9.01 

9.88 

0.88 

Medium-grained  sandstone  (very  slightly  calcareous)  ...... 

9.68 

10.56 

1.50 

Fine-grained  sandstone  (very  slightlv  calcareous)  . 

10.56 

12.06 

0.33 

Medium-grained  sandstone  (very  slightlv  calcareous)  ...  _ __ 

12.06 

12.39 

1.78 

Fine-grained  sandstone  (very  slightly  calcareous)  

12.39 

14.17 

0.29 

Shale  

14.17 

14.46 

0.54 

Fine-grained  sandstone  (very  slightly  calcareous)  ._....  

14.46 

15.00 

0.17 

Shale  . . . 

15.00 

15.17 

0.02 

Fine-grained  sandstone  (very  slightly  calcareous)  ..  ..... 

15.17 

15.19 

0.04 

Shale  ..  ..  ..  

15.19 

15.23 

0.04 

Fine  conglomerate  ...  

15.23 

15.27 

0.10 

Shale  

15.27 

15.37 

0.13 

Fine-grained  sandstone  (very  slightlv  calcareous)  ...  . . . 

15.37 

15.50 

0.09 

Fine-grained  sandstone  and  shale  ..  ._ 

15.50 

15.59 

0.50 

Shale  _ .....  . 

15.59 

16.09 

0.17 

Fine-grained  sandstone  (very  slightly  calcareous)  __  _______ 

16.09 

16.26 

0.04 

Shale  ___  _____  _ _ 

16.26 

16.30 

0.71 

16.30 

17.01 

0.33 

Shale  __  _ _ 

17.01 

17.34 

0.38 

Fine-grained  sandstone  ...  . 

17.34 

17.72 

0.21 

Shale  __  ____  ___  _ 

17.72 

17.93 

0.17 

17.93 

18.10 

0.17 

18.10 

18.27 

1.00 

Fine-grained  sandstone  (slightly  calcareous)  __  _ __  _ _. 

18.27 

19.27 

0.08 

Shale  . __  _ 

19.27 

19.35 

1.75 

19.35 

21.10 

0.25 

Sandy  shale _ _ 

21.10 

21.35 

0.50 

Shale  

21.35 

21.85 

0.13 

Fine-grained  sandstone  _ _ __  

21.85 

21.98 

Shale 

i -■ 

1 Fettke,  Charles  R.,  Core  studies  of  the  Second  sand  of  the  Venango  Group  from  Oil 
City,  Penna. : Trans.  A.I.M.E.,  Petroleum  Development  and  Technology  in  1926,  (1927) 
pp.  219-230, 
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Figure  15 — Graphic  plot  of  lithology,  porosity,  and  screen  analysis 

of  core  from  Well  42. 

Ten  representative  samples  were  selected  from  different  parts  of  this  core 
and  crushed  to  individual  grain  size.  To  facilitate  this  operation,  the  sam- 
ples were  given  preliminary  treatments  with  boiling  dilute  hydrochloric 
acid  and  20  percent  sodium  hydroxide  solutions  to  loosen  the  bond.  They 
were  allowed  to  stand  in  each  solution  for  24  hours  and  were  then  carefully 
washed  and  dried.  A set  of  Tyler  standard  screen  sieves  was  used  for  the 
mechanical  analyses.  A table  giving  the  position  in  the  core  as  well  as 
the  porosity  of  the  samples,  shows  a range  in  grain  size  and  a variation 
between  different  horizons  which  is  considered  to  be  typical  of  the  Second 
sand  for  the  entire  area  studied.  The  more  porous  parts  of  the  sand  are 
those  that  show  the  greatest  uniformity  in  grain  size,  as  would  be  expected, 
and  these  occur  most  frequently  in  the  finer-grained  layers. 
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Screen  analyses  of  ten  samples  of  the  Second  sand  from  core  No.  42 


Size  of  Opening 
(Millimeters) 

0.46  ft.  below 
top;  4.9  per 
cent,  porosity 

0.7  ft.  below 
top;  7.4  per 
cent,  porosity 

0.85  ft.  below 
top;  6.7  per 
cent,  porosity 

1.28  ft.  below 
top;  7.8  per 
cent,  porosity 

7.47  ft.  below 
top;  22.5  per 
cent,  porosity 

!8.01  ft.  below 
top;  20.5  per 
cent,  porosity 

14.46  ft.  below 
top;  6.1  per 
cent,  porosity 

19.35  ft.  below 
top;  23.1  per 
cent,  porosity 

20.44  ft.  below 
top;  15.2  per 
cent,  porosity 

20.85  ft.  below 
top;  17.4  per 
cent,  porosity 

Through  6.680  caught 

on  4.699-- 

4.0 

Through  4.699  caught 

on  3.327— 

2.9 

Through  3.327  caught 

on  2.362-- 

4.0 

Through  2.362  caught 

on  1.651— 

8.9 

0.1 

' 

Through  1.651  caught 

on  1.168— 

21.0 

1.6 

Through  1.168  caught 

on  0.833— 

0.1 

0.1 

24.3 

6.4 

Through  0.833  caught 

on  0.589— 

0.6 

0.7 

14.0 

24.2 

Through  0.589  caught 

on  0.417-- 

4.8 

7.8 

6.8 

26.8 

0.4 

2.8 

0.1 

0.1 

Through  0.417  caught 

on  0.295— 

14.3 

25.1 

5.3 

17.6 

4.8 

10.8 

1.6 

0.2 

0.9 

Through  0.295  caught 

on  0.208-. 

17.5 

13.  S 

2.8 

8.3 

8.1 

16.6 

5.5 

1.0 

0.9 

3.6 

Through  0.208  caught  on  0.147— 

31.6 

20.7 

3.4 

10.1 

39.0 

38.1 

28.6 

9.7 

12.1 

18.9 

Through  0.147  caught 

on  0.104— 

17.4 

14.9 

1.9 

2.9 

40.6 

31.0 

32.8 

51.1 

39.6 

38.6 

Through  0.104  caught 

on  0.074-. 

4.0 

5.4 

0.6 

0.8 

2.9 

1.9 

13.3 

26.9 

31.8 

19.1 

Through  0.074 — - 

8.3 

10.3 

1.1 

2.1 

3.0 

0.1 

19.2 

11.4 

15.4 

18.2 

Characteristics  of  the  sandstone.  In  thin  section,  under  the  microscope, 
the  sandstone  7.47  feet  below  the  top  is  made  up  predominantly  of  quartz 
grains,  only  a few  of  the  larger  of  which  show  any  rounding,  the  others 
being  pronouncedly  angular.1  Figure  16A  is  a photomicrograph  of  this 
sandstone,  taken  with  crossed  nicols.  An  occasional  plagioclase  and  calcite 
or  related  carbonate  grain  and  a few  muscovite  flakes  occur  among  the 
quartz  grains.  A small  quantity  of  cryptocrystalline  silica  forms  the  bond. 
A chemical  analysis  of  this  sandstone  follows.  A thin  section  from  a depth 
of  14.46  feet,  shown  in  Figure  16B,  has  similar  characteristics,  except  that 
the  grain  size  is  somewhat  smaller,  and  contains  carbonate  and  a consid- 
erably larger  percentage  of  cryptocrystalline  silica  bond,  which  undoubtedly 
accounts  for  the  much  lower  porosity.  The  chemical  composition  of  this 
sandstone  is  similar  to  that  from  a depth  of  7.47  feet.  The  sandstone  from 
a depth  of  19.35  feet  has  a finer  texture  than  any  of  the  others  (figure  16C) 
and  contains  considerably  more  calcite  or  related  carbonates.  This  is  also 
brought  out  by  the  chemical  analysis.  In  addition  to  the  quartz  grains  and 
the  small  quantities  of  carbonate,  it  contains  a few  plagioclase  grains, 
muscovite  flakes,  and  an  occasional  partly  rounded  zircon  grain.  Carbon- 
ates form  the  bond  only  in  patches,  cryptocrystalline  silica  being  the  chief 
cementing  agent. 

Chemical  analyses  of  the  three  samples  were  made  according  to  the 
methods  recommended  by  Washington.2  The  samples  were  first  crushed  to 
pass  through  a 6 5 -mesh  sieve,  then  extracted  with  petroleum  ether,  and 
dried  at  110°C.  The  results  are  shown  in  the  following  table: 


1 The  authors  of  this  report  believe  that  the  grains  may  have  been  thoroughly  rounded 
at  the  time  of  their  deposition,  but  have  since  been  thoroughly  cemented  by  secondary 
silica,  which  has  deposited  on  the  original  grains  following  their  original  crystallographic 
orientation.  Most  of  the  original  pore  spaces  have  been  filled,  and  the  sand  grains  are 
not  touching  merely  at  the  original  points  of  contact,  but  have  intergrown,  so  that  the 
joints  are  complicated  sutures.  This  effect  is  shown  in  Dr.  Fettke’s  photomicrographs, 
Figure  16. 

2 Washington,  H.  S.,  Chemical  analysis  of  Rocks.  2d  ed.  (1910). 
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Figure  16— Photomicrographs  of  core  of  Second  sand  from  Well  42. 

Taken  with  crossed  Nicols,  by  Chas.  11.  Fettke. 

A.  7.47  feet  below  top  of  core.  B.  14.46  feet  below  top  of  core. 

C.  19.35  feet  below  top  of  core. 

Table  9 — Chemical  analyses  of  samples  of  sandstone  from  core  from  icell  J/2 

[Chas.  R.  Fettke,  Analyst] 


7.47  ft. 
below  top 

14.46  ft. 
below  top 

19.35  ft. 
below  top 

SiO„  

93.72 

A1..0,  

yo.oo 

1.38 
1.34 
n qi 

o / .bo 

5.28 

2.43 

0.43 

0.44 

0.68 

Fe203  (includes  FeO)  

z .yi 
1.49 

MgO  

CaO  

U.oi 

0.02 

0.29 

U.  ZO 

0.05 

H..0  

C0„  

If. 4b 

0.31 

Alkalies  and  organic  matter  not  deter- 
mined   

ti  ace 

1 . (JZ 

96.92 

99.19 

97.96 
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little  information  on  the  character  of  the  Second  sand  east  and 
north  of  Oil  City  was  obtainable.  It  ranges  from  25  to  35  feet  thick, 
and  apparently  is  fine,  becoming  finer  and  harder  towards  the  east. 

Southwest  of  Oil  City,  between  Charley  Run  and  Brannon  Run, 
pebbles  are  occasionally  present,  restricted  to  beds  at  the  top  of  the 
sand  or  about  10  feet  below  the  top.  Most  of  the  sand  is  uniform,  clean, 
white  sandstone.  The  porosity  runs  about  16  to  17  percent,  the  oil 
saturation  15  to  25  percent,  and  permeability  75  to  300  millidarcies. 
The  average  oil  content  is  about  300  barrels  per  acre-foot. 

South  of  the  Allegheny  River  the  sand  is  generally  medium-  to 
coarse-grained,  with  few  pebbles.  Thickness  ranges  from  19  to  30  feet. 
Few  cores  have  been  taken.  The  porosity  is  between  15  and  20  percent, 
and  the  permeability  ranges  up  to  600  millidarcies. 

Southeast  of  the  main  pool  in  Cranberry  Township  the  sand  has 
increased  in  total  thickness.  Apparently  the  shales  for  about  20  feet 
above  the  sand  become  sandy.  The  structure  contours  on  the  sand  in 
this  area  have  been  controlled  by  the  Gray  sand  below,  which  is  ap- 
parently a more  continuous  horizon,  and  which  lies  about  120  feet 
below  the  top  of  the  Second  sand  in  the  main  pool.  The  contours  as 
shown,  therefore,  are  as  much  as  20  feet  lower  than  the  top  of  the 
Second  sand  as  generally  recorded  by  the  drillers. 

The  lower  20  feet  of  sand  in  this  area  generally  carries  small 
amounts  of  salt  water,  although  never  enough  to  make  casing  off  nec- 
essary. Samples  examined  from  a well  drilled  near  Maple  Shade 
showed  the  Second  sand  to  be  fine  hard  white  sandstone  with  some 
shaly  beds. 

In  Rockland  Township  the  sand  is  present  but  generally  unproduc- 
tive. Some  gas  has  been  encountered  between  Emlenton  Spur  and 
BarrS  Corner. 

The  Second  sand  is  present  throughout  the  northern  part  of  Pine- 
grove  Township,  although  not  usually  productive,  and  is  seldom  men- 
tioned in  well  records.  East  of  Clapp  Lease  some  Gray  sand  wells  have 
been  shot  in  the  Second  sand  and  are  producing  some  Second  sand 
oil.  A core  taken  here  showed  18  feet  of  sand.  The  upper  6 feet  was 
very  pebbly  and  dark  gray.  There  was  then  2%  feet  of  shale  and  the 
lower  bed  of  12  feet  consisted  of  one  foot  of  hard,  white  pebbles,  4 
feet  of  hard,  dark  gray  sandstone,  and  7 feet  of  dark  gray  sand  with 
small  pebbles.  The  average  porosity  was  about  11  percent.  A small 
area  is  being  subjected  to  gas  drive  at  Clapp  Lease. 
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In  the  eastern  part  of  President  Township,  the  southern  part  of 
Pinegrove  Township,  and  in  Clarion  County  the  Second  sand  is  un- 
recognizable as  a stratigraphic  unit.  Below  the  red  shales  are  beds 
of  fine  gray  and  white  sandstone,  dark  gray,  and  occasional  reddish 

shale. 

Oil  production.  The  initial  production  of  wells  drilled  in  the  Sec- 
ond Sand  pool  about  1900  ranged  between  5 and  50  barrels  per  day. 
Initial  production  of  wells  drilled  recently  ranged  between  V2  and 
5 barrels  per  day.  The  leases  have  changed  hands  so  often  that  it  is 
impossible  even  to  estimate  the  cumulative  recovery  per  acre  of  any 
lease.  The  average  production  per  well  is  less  than  y10  barrel  per  day, 
except  where  repressuring  is  practiced,  when  it  may  be  as  high  as  V2 
to  1 barrel  per  day. 

The  production  of  water  is  quite  variable.  North  of  the  Allegheny 
River  core  analyses  generally  show  somewhat  more  water  than  oil  in 
the  sand,  and  the  wells  produce  about  equal  quantities  of  oil  and  water. 
One  well  on  Cornplanter  Run  is  said  to  have  produced  salt  water  ex- 
clusively. South  of  the  river  the  wells  originally  produced  much  more 
water  than  oil,  but  with  continued  pumping  the  supply  has  diminished, 
and  they  now  produce  about  equal  quantities  of  water  and  oil. 

Along  Oil  Creek  valley  fresh  water  has  gained  access  to  the  sand  in 
a very  narrow  belt  between  Rynd  Farm  and  Rouseville.  No  other 
place  where  the  sand  has  been  accidentally  flooded  is  known. 

The  oil  is  dark  green  and  ranges  in  API  gravity  from  34°  to  37°. 
Generally  it  has  a mixed  base  and  a larger  than  normal  amount  of 
lubricating  fraction.  (See  p.  70.)  In  view  of  this  fact  and  its  better 
than  normal  knock  rating  it  would  appear  that  it  might  be  desirable 
to  run  oil  from  the  Second  sand  to  the  refineries  separately. 

The  Second  sand  never  produced  much  gas  with  the  oil,  and  the 
wells  seldom  or  never  flowed  naturally.  It  seems  very  probable  that 
the  sand  originally  contained  barely  enough  or  less  than  enough  gas 
to  saturate  the  oil.  Very  little  gas  is  now  produced,  and  difficulty  is 
frequently  had  in  obtaining  enough  to  provide  power  for  pumping 
the  wells  and  running  the  compressors.  The  Third  or  Gray  sands, 
where  present,  often  provide  enough  for  these  purposes.  Many  op- 
erators have  to  buy  gas  from  the  utility  companies. 

The  present  average  spacing  is  about  300  feet  between  wells  (one 
well  to  two  acres),  although  it  is  less  on  certain  leases.  Very  little 
abandonment  of  wells  has  taken  place.  Occasionally  a well  has  been 
abandoned  on  account  of  mechanical  difficulties. 
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Between  150  and  350  feet  of  easing  is  generally  required.  The 
deepest  water-bearing  strata  vary  greatly  stratigraphically.  On  the 
hill  tops  north  of  Oil  City  it  is  necessary  to  case  only  through  the 
Shenango  sandstone,  but  in  wells  only  a few  hundred  feet  away  in 
the  valleys  the  sandy  beds  of  the  Cussewago  must  be  cased  off. 

Most  wells  are  shot  with  nitroglycerin,  about  two  quarts  to  the 
foot,  in  what  is  considered  the  “pay”  part  of  the  sand.  Because  of 
its  generally  firm  and  hard  character,  the  sand  caves  very  little  after 
the  shot,  and  seldom  requires  over  a day  to  clean  out. 

Until  recently  most  wells  were  pumped  daily.  In  1943  the  majority 
are  probably  pumped  three  times  a week.  Time  to  pump  off  varies 
Avith  oil  and  Avater  production,  but  is  seldom  more  than  an  hour. 

Apparently  the  precipitation  of  paraffin  Avas  never  a serious  matter 
in  Second  Sand  Avells,  although  it  often  interfered  seriously  Avith 
production  from  the  more  prolific  Third  Sand  Avells  in  the  early  life 
of  the  pool.  In  1943  production  is  so  low  that  very  little  paraffin  is 
precipitated.  Where  repressuring  Avith  air  is  practiced,  the  oil  shows 
a tendency  to  emulsify  with  the  water.  One  company  separates  the 
oil  from  the  water  Avith  a chemical  of  the  tretolite  type,  dripping  it 
into  all  the  stock  tanks.  Considerable  quantities  of  oil,  now  Avasted, 
could  be  recovered  if  this  practice  became  more  general. 

In  certain  local  spots  within  the  pool,  leaks  develop  rapidly  in  the 
casing.  These  spots  are  doubtless  related  to  places  in  the  near-surface 
sands  where  corrosive  waters  circulate  most  abundantly.  The  use  of 
“aquagel”  or  similar  compounds  behind  the  casing  has  been  sug- 
gested and  might  be  helpful,  although  it  has  never  been  tried. 

The  rods  and  tubing  must  be  pulled  frequently  to  replace  cups  and 
valves  in  the  pumps,  but  at  Arerv  different  intervals.  In  non-repressured 
districts,  pulling  may  not  be  required  for  a year  or  more.  Where  re- 
pressuring Avith  air  is  practiced,  wells  must  be  pulled  at  intervals 
ranging  from  one  Aveek  to  two  or  three  months. 

Secondary  recovery.  Suction  was  never  very  extensively  applied 
to  the  Second  sand,  as  it  never  produced  much  gas. 

At  present  much  of  the  pool  is  operating  under  air  drives,  especially 
north  of  the  Allegheny  River.  There  are  no  intensive  developments 
and  in  general  input  AA^ells  haA^e  been  scattered  in  haphazard  fashion 
among  the  producers.  The  spacing  of  the  input  wells  ranges  between 
one  to  each  5 to  15  acres,  and  the  ratio  of  producing  to  input  wells  is 
four  or  five  to  one.  No  gas  is  available  for  injection.  The  general  rule 
is  to  inject  1,000  cubic  feet  of  air  per  day  per  foot  of  sand,  but  actual 
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inputs  may  vary  a good  deal  from  this  quantity.  In  considerable  areas 
of  the  pool  the  sand  has  such  a low  permeability  that  little  or  no  air 
can  be  injected  at  300  to  400  pounds  per  square  inch,  which  is  the 
upper  limit  of  most  of  the  compressors.  The  practice  of  corrective 
shooting  of  intake  wells  lias  not  been  tried,  but  it  would  seem  advis- 
able in  such  cases. 

Several  intake  wells  have  been  cored  in  the  sand,  and  multiple 
packers  of  the  balloon  or  mandrel  type  are  set  so  that  the  air  can  be 
injected  into  different  parts  of  the  sand  at  different  pressures.  This  is 
generally  necessary  since  the  sand  usually  contains  beds  of  differing 
permeability.  However,  the  Second  sand  is  much  more  uniform,  both 
vertically  and  laterally,  than  any  other  sand,  and  in  a great  many  cases 
the  input  wells  are  converted  oil  wells,  some  not  even  cleaned  out. 
Pressures  required  range  from  50  pounds  per  square  inch  up,  and 
probably  average  close  to  200  pounds  per  square  inch  in  the  Second 
sand.  The  Third  sand,  with  its  range  of  permeability  from  very  tight 
to  several  thousand  millidarcies,  requires  a much  greater  range  in 
pressures. 

As  a rule  the  air  is  injected  continuously.  Some  of  the  operators 
tried  intermittent,  injection,  but  found  that  it  made  little  difference 
in  the  production,  and  in  some  cases  affected  it  adversely. 

No  very  large  recoveries  per  acre  have  been  obtained  from  the 
Second  sand  by  repressuring,  but  this  is  mainly  because  intensive 
projects  with  closely  spaced  wells  and  a ratio  of  producers  to  inputs 
3 or  2 to  1 have  never  been  attempted.  In  most  cases  production  was 
increased  several  hundred  percent,  and  by  means  of  occasional  new 
wells  and  systematic  cleaning  it  has  been  possible  to  maintain  the 
production  at  a nearly  constant  rate  for  several  years.  If  new  drilling 
and  rehabilitation  work  ever  is  stopped  the  production  immediately 
starts  declining  between  5 and  30  percent  per  year.  Ultimate  recov- 
eries with  present  spacings  and  methods  will  probably  seldom  exceed 
1,000  barrels  per  acre.  Considerably  larger  recoveries  could  doubtless 
be  obtained  by  drilling  more  wells,  especially  more  presuure  wells. 

From  certain  aspects  the  Second  sand  of  the  Oil  City-Rouseville 
pool  is  very  favorable  for  secondary  oil  recovery  by  air  or  gas  injec- 
tion. The  permeability  profile  is  more  uniform  than  that  of  any  other 
sand  of  the  district,  and  there  are  also  fewer  lateral  variations  in  the 
sand.  Bypassing  and  channelling  inevitably  develop,  but  to  a far 
smaller  extent  than  in  pools  in  the  other  sands.  The  oil  saturation  is 
distinctly  higher  than  in  pools  in  the  Third  sand  from  which  core 
information  is  available.  The  average  oil  saturation  is  30  percent  or 
greater,  which  will  result  in  a larger  than  normal  percent  of  the  oil 
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in  place  being  recoverable,  and  tbe  amount  of  input  air  per  barrel 
of  oil  will  be  less  than  in  less  saturated  sands.  Connate  water  content 
runs  between  40  and  60  percent,  which  will  lower  the  residual  satura- 
tion of  unrecoverable  oil  and  also  decrease  the  amount  of  input  air 
per  barrel. 

Several  attempts  to  flood  the  Second  sand  with  water  by  the 
methods  that  have  been  very  successful  at  Bradford  resulted  in  no 
increase  of  production.  There  is  a good  deal  of  question  whether  these 
attempts  were  made  in  favorable  places,  so  their  failure,  while  it  is 
definitely  discouraging  as  to  the  possibilities  of  this  method,  does  not 
altogether  rule  out  water  flooding  as  a possible  recovery  method  in 
this  sand. 


Walnut  Bend  Pool 

The  productive  limits  of  the  Second  sand  are  drawn  so  as  to  include 
the  AValnut  Bend  pool,  although  production  in  that  pool  is  principally 
from  the  Lytle  sand.  In  some  places  the  Second  sand  produces  a con- 
siderable amount  of  the  total  oil,  notably  northeast  of  Rockmere.  For 
the  most  part,  however,  the  Second  sand  supplies  a negligible  amount, 
and  the  majority  of  the  wells  have  not  been  drilled  to  it. 

Southwest  of  a line  connecting  Rockmere,  Walnut  Bend,  and  a point 
about  2 miles  east  of  Plumer,  the  upper  15  feet  of  the  Second  sand 
becomes  shaly  aud  red,  and  quite  barren  of  oil.  The  exact  northwest 
limit  of  this  “red  rock”  is  difficult  to  define,  as  it  is  never  noted  in 
records.  Some  drillers  place  the  top  of  the  Second  sand  at  the  top  of 
the  red  rock,  and  others  place  it  at  the  bottom. 

Southeast  of  the  limit  of  red  rock,  the  white  portion  of  sand  averages 
about  15  feet  thick.  It  is  usually  fine,  and  very  hard.  The  porosity  and 
permeability  are  low.  It  is  seldom  pebbly  except  occasionally  near 
the  top. 

OIL  POOLS  IN  KNOX  THIRD  SAND 

Cogley-Knox  Field 

The  Cogley  field  consists  of  a series  of  separate  oil  pools  producing 
mainly  from  the  Knox  Third  sand.  They  lie  in  Clarion  County  in  the 
southeast  corner  of  the  quadrangle.  All  the  pools  are  longer  in  a 
northeast-southwest  direction,  and  several  more  or  less  distinct  parallel 
trends  may  be  noted.  The  largest  and  most  important  pool  is  in  the 
vicinity  of  Fern.  (PI.  IV.) 

The  westernmost  pool  extends  from  half  a mile  east  of  Wise  School 
to  half  a mile  south  of  Kossuth,  a distance  of  about  2%  miles.  The  pool 
is  only  half  a mile  wide  at  its  widest  point  in  the  valley  of  Sandy 
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Creek,  and  is  generally  about  1,000  feet  in  width.  The  best  wells  are 
in  the  center  of  the  streak,  and  wells  off  the  edge  are  dry.  The  sand 
ranges  between  9 and  20  feet  in  thickness.  The  uppermost  4 to  6 feet 
is  coarse  conglomerate,  and  the  rest  rather  coarse  white  sand.  A sec- 
tion of  the  streak  in  the  valley  of  Sandy  Creek  and  for  about  half  a 
mile  to  the  north  has  been  flooded  by  the  accidental  entry  of  surface 
water  into  the  sand. 

Two  smaller  pools  extend  this  same  trend  to  a point  about  one  mile 
southeast  of  Nineveh.  Here  the  sand  is  reported  to  be  all  pebbly  in 
some  wells,  and  all  “sugar”  sand  in  others. 

About  2,000  feet  southeast  of  the  Wise  Sehool-Kossuth  trend  is  the 
Fern  pool,  which  apparently  consists  of  three  sub-parallel  trends  that 
merge  to  the  south.  The  sand  in  this  pool  ranges  between  10  and  20 
feet  in  thickness.  It  is  quite  pebbly  at  the  top,  but  the  pebbles  seem  to 
be  well  cemented  and  had  a porosity  of  only  5 to  10  percent  in  one 
well  that  was  cored.  The  lower  10  to  15  feet  of  sand  is  sugar  sand, 
with  a porosity  generally  between  15  and  20  percent,  well  saturated 
with  oil  in  the  lower  6 or  8 feet. 

In  the  westernmost  lobe  of  the  Fern  pool  (NW.  of  Fern)  the  pebble 
sand  is  reported  to  be  in  the  middle  of  the  sand  body,  with  fine,  hard 
sand  at  the  top  and  bottom.  The  pebble  pay  is  soft  and  contains  oil 
and  water.  It  thickens  to  the  south,  and  is  reported  to  have  been  very 
prolific. 

A considerable  portion  of  the  Fern  pool  in  the  valley  of  Sandy 
Creek  has  been  abandoned  because  of  the  accidental  entry  of  surface 
water  into  the  Knox  Third  sand.  Some  production  is  obtained  in  this 
area  from  the  Knox  Fourth  sand. 

In  the  easternmost  lobe  of  the  Fern  pool  (extending  from  Pitch 
Pine  to  Elmo)  the  sand  ranges  from  10  to  20  feet  in  total  thickness. 
The  best  pay  is  reported  to  be  a soft  brown  sand  4 to  5 feet  below  the 
top.  The  bottom  of  the  sand  is  pebbly  and  contains  salt  water. 

There  are  several  isolated  pools  north  of  Fern.  The  sand  is  similar, 
containing  pebbly  beds,  with  pebbles  up  to  an  inch  in  length. 

A fifth  trend  is  exhibited  in  four  small  pools  between  Elmo  and 
Black  School,  the  northernmost  of  which  is  north  of  Billings.  The 
sand  is  about  20  feet  thick,  with  about  4 to  5 feet  of  pebble  in  the  top, 
containing  mostly  gas.  The  rest  of  the  sand  is  fairly  coarse  and  light 
in  color.  Salt  water  is  found  principally  at  the  bottom. 

South  of  Black  School  a sixth  bar  is  shown  in  an  arc-shaped  pool 
about  a mile  long  and  1,000-1,500  feet  wide.  The  sand  ranges  from  25 
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to  35  feet  in  thickness.  There  is  about  5 feet  of  pebble  at  the  top  of 
the  sand,  which  contains  oil  and  gas.  The  rest  is  ‘’sugar”  sand,  well 
saturated,  and  a little  salt  water  is  sometimes  found  near  the  bottom. 

The  Cogley  field  was  discovered  in  January  1885  by  a well  drilled 
on  the  John  Young  farm,  north  of  Fern.  Development  was  rapid  dur- 
ing the  succeeding  four  years.  Initial  production  of  the  early  wells  was 
large.  Gas  was  generally  abundant,  and  before  the  turn  of  the  century 
it  is  reported  that  the  whole  country  between  Fern  and  Knox  was  lit 
by  flares.  Desultory  drilling  has  continued  to  the  present  time,  but 
very  few  wells  have  been  drilled  in  the  last  20  years. 

Present  initial  production  of  new  wells  in  the  Knox  Third  sand 
ranges  up  to  5 barrels  per  day.  Gas  is  generally  plentiful,  although 
in  a few  leases  it  has  fallen  to  a point  where  electricity  is  used  for 
pumping.  Most  of  the  wells  produce  several  times  as  much  salt  water 
as  oil. 

Vacuum  was  applied  to  the  Fern  pool  in  1898,  and  resulted  in  a 
large  increase  in  oil  production,  which  lasted  only  a few  years.  In 
1922  gas  drive  was  applied  to  a small  area.  Although  no  regular  pat- 
tern of  intake  wells  was  employed,  very  satisfactory  recoveries  have 
been  obtained.  It  is  difficult  to  understand  why  the  practice  has  not 
become  more  general  in  this  pool.  Conditions  on  the  whole  seem  quite 
favorable. 

OIL  POOLS  IN  GRAY  SAND 

Oil  City-Plumer 

Gray  sand.  As  discussed  in  another  part  of  this  report  (p.  27)  the 
Third  Sand  formation  is  an  interval  75  to  100  feet  thick  consisting 
largely  of  sandstone  with  interbeddecl  slialy  members.  In  the  southern 
part  of  the  Titusville  quadrangle  there  are  three  sandy  members:  (1) 
an  unnamed  sand,  probably  correlatable  with  the  Boulder  sand  of  the 
Hilliards  quadrangle,  83  feet  below  the  top  of  the  Second  sand;  (2) 
the  Third  Stray  sand  about  5 feet  thick,  100  to  105  feet  below  the  toil 
of  the  Second  sand,  and  (3)  the  Third  sand,  10  to  50  feet  thick,  135 
to  145  feet  below  the  top  of  the  Second  sand. 

As  will  be  seen  from  Section  I in  the  Oil  City  quadrangle,  the  upper 
unnamed  sand  practically  disappears  southward.  The  shale  below  the 
bottom  of  the  Third  Stray  sand  becomes  quite  sandy,  so  that  it  is 
difficult  to  tell  where  the  Third  Stray  ends  and  the  Third  begins.  The 
electric  logs,  and  many  drillers’  logs,  agree  that  tops  of  the  most  im- 
portant sandy  horizons  fall  at  105  to  108,  118  to  124,  130  to  135,  and 
145  to  150  feet  below  the  Second  sand  and  465,  490,  and  510  feet 
below  the  Corry  sandstone.  The  logs  show  that  the  drillers  were 
greatly  confused,  and  called  any  of  these  beds  “Gray”  sand. 
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The  Gray  sand,  where  principally  productive,  lies  118  to  124  feet 
below  the  top  of  the  Second  sand.  This  would  indicate  that  it  is  not 
precisely  the  equivalent  of  the  Third  Stray  sand  of  the  Titusville 
quadrangle,  its  top  lying  from  10  to  20  feet  stratigraphically  below 
the  top  of  the  true  Third  Stray  sand.  Where  it  attains  its  maximum 
thickness  of  around  30  feet  the  Third  sand  is  often  missing.  It  is 
considered  by  the  drillers,  probably  correctly,  that  the  interval  be- 
tween the  top  of  the  Gray  and  the  top  of  the  Third  sands  is  princi- 
pally sand,  and  that  the  “Gray  and  Third  run  together.” 

The  name  Gray  is  objectionable  as  it  denotes  color,  and  this  sand 
is  very  nearly,  at  least,  the  stratigraphic  equivalent  of  the  Third  Stray 
sand. 

The  name  Third  Stray  is  better  established  in  the  literature,  and 
was  used  for  this  sand  in  the  report  on  the  Franklin  quadrangle.  How- 
ever, in  the  Oil  City  district  no  other  name  but  Gray  is  ever  used  for 
the  sand  at  this  horizon,  and  it  is  considered  preferable  to  follow  com- 
mon usage.  It  was  established  early,  as  the  record  of  Philips  2 on 
Tarr  farm  given  by  Card,  drilled  in  1861,  calls  it  “Gray  rocks.” 
(Carll,  II,  1877,  p.  54.)  It  is  also  used  apparently  as  a proper  name 
and  not  a descriptive  term,  in  records  of  other  wells  in  that  volume, 
and  also  in  “Petrolia”  by  Cone  and  Johns,  published  in  1870.  It 
doubtless  was  first  used  to  describe  the  sand  which  is  nearly  always 
darker  in  color  than  the  white,  pebbly,  Third  sand. 

Extent.  The  Gray  sand  is  productive  in  a belt  extending  from  about 
a mile  south  of  P turner  to  the  eastern  part  of  the  city  of  Oil  City.  Pro- 
duction is  spotty,  and  insufficient  data  were  obtained  to  outline  exactly 
the  different  producing  areas.  The  approximate  thickness  of  the  sand 
is  shown  on  the  map,  and  the  outline  of  the  productive  area  is  drawn 
so  as  to  include  all  the  spots  where  the  Gray  sand  provides  an  appre- 
ciable amount  of  oil.  Most  of  the  area  also  produces  oil  from  the 
Second  sand. 

Lithology.  No  cores  showing  typically  developed  Gray  sand  were 
available,  so  no  accurate  description  can  be  given  here.  Apparently 
the  sand  is  usually  rather  fine,  and  not  pebbly.  In  this  respect  it 
differs  from  the  Third  Stray  sand  of  the  Titusville  quadrangle,  which 
is  coarse.  Where  it  ifj  richest  it  is  soft  and  “pasty”  to  drill  and  is 
chocolate  brown.  Where  poor  it  is  gray,  hard,  and  “chippy.”  East 
of  Oil  Creek  there  is  quite  generally  a bed  of  “clover  seed”  or  coarse 
sand  and  fine  pebbles,  which  is  considered  to  mark  the  top  of  the  Gray 
sand.  It  lies  about  25  feet  above  the  top  of  the  Third  sand. 
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Oil  production.  Average  production  per  well  is  small,  and  perhaps 
Yx o barrel  per  day.  The  oil  is  very  black,  and  37°  to  39°  A.P.I.  gravity. 
The  sand  is  very  sensitive  to  water.  If  water  from  a leaky  casing 
stands  on  the  face  of  the  sand,  even  for  a few  hours,  the  productivity 
of  the  well  is  seriously  affected.  In  these  respects  the  oil  and  the  sand 
are  very  similar  to  the  Third  Stray  sand  near  Pleasantville. 

There  are  no  air  or  gas  drive  operations  in  the  Gray  sand  in  this 
pool. 

A fine,  hard,  thin  sand  generally  called  the  Gray  and  probably  very 
nearly  its  stratigraphic  equivalent  extends  west  to  the  west  edge  of 
the  quadrangle  and  into  the  Franklin  quadrangle.  In  many  wells 
west  of  Oil  Creek  it  contains  considerable  quantities  of  gas.  At  the 
headwaters  of  Cornplanter  and  Calaboose  Run  it  is  reported  that  about 
1900  it  was  extensively  flared.  Some  gas  production  is  still  obtained 
from  it  in  the  Oil  City  Second  Sand  pool,  and  used  on  the  leases.  Some 
gas  for  domestic  purposes  is  obtained  near  Foster  Hill  School. 

Cranberry  Pool 

South  of  Oil  City,  extending  through  Seneca  to  Maple  Shade  and 
Van,  is  a large  area  in  parts  of  which  the  Gray  sand  is  productive. 
Production  is  rather  spotty.  Some  portions  of  the  area  have  been 
abandoned,  apparently  principally  because  production  had  declined 
to  the  economic  limit. 

The  total  thickness  of  the  Gray  sand  as  reported  ranges  between 
10  and  30  feet,  averaging  about  20.  As  a rule  there  is  a bed  of  fine 
pebble  “clover  seed”  at  the  top,  followed  by  fine,  hard  sand.  The  best 
pay  is  about  10  feet  at  the  bottom.  It  is  stated  that  the  best  streaks 
in  the  sand  bear  nearly  east  and  west. 

Initial  production  of  wells  in  the  1880 ’s  ranged  up  to  100  barrels 
per  day.  Present  initial  productions  range  up  to  5 barrels  per  day. 
Originally  large  quantities  of  gas  were  present,  and  the  Gray  sand 
is  still  used  as  a source  of  gas,  which  it  may  contain  even  where  un- 
productive of  oil. 

The  Gray  sand  generally  contains  very  little  water.  Wells  produce 
less  than  half  as  much  water  as  oil. 

Secondary  recovery  operations  have  not  been  attempted  in  this  pool. 

Rockland  Pool 

The  Rockland  pool  is  the  continuation  to  the  south  of  the  Cran- 
berry pool.  It  extends  in  nearly  a straight  line  from  Maple  Shade 
south  through  Wrights  Siding  to  Maple  Hollow  School.  The  sand  is 
usually  called  Gray,  but  in  some  records  is  called  “Second”  or 
“Third.” 
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The  field  was  discovered  about  1887  by  a well  drilled  on  the  Judd 
and  Geiser  farm  near  Wrights  Siding,  which  had  an  initial  produc- 
tion of  23  barrels  per  day.  Not  long  afterward  a well  drilled  for 
Speechley  gas  near  Van  produced  oil  from  the  Gray  sand,  and  subse- 
quent drilling  joined  the  pools.  Most  wells  in  this  pool  had  initial 
production  of  20  to  30  barrels  per  day. 

The  sand  is,  in  most  respects,  similar  to  that  in  the  Cranberry  pool. 
The  sand  ranges  from  20  to  30  feet  in  total  thickness.  The  upper  10 
feet  is  shaly  and  “broken”  and  may  contain  small  pebbles  or  “clover- 
seed.  ’ ’ The  rest  of  the  sand,  where  producing,  is  medium-grained  gray 
sand,  with  many  small  lumps  of  dark  gray  shale.  The  sand  is  well 
consolidated  throughout,  and  does  not  cave  after  shooting.  Where  the 
sand  is  chocolate  brown,  it  is  particularly  rich. 

The  Third  sand  is  separated  from  the  Gray  by  shale  from  several 
inches  to  several  feet  in  thickness.  The  Third  sand  consists  of  about 
one  foot  of  “clover  seed”  at  the  top,  followed  by  white  sugar  sand. 
It  is  occasionally  productive  within  the  pool,  but  the  productive  spots 
were  not  located  and  have  not  been  shown  on  the  map.  It  is  reported 
that  the  Third  sand  is  productive  only  where  the  Gray  is  dry.  The 
Third  sand  contains  some  gas  in  some  places. 

Present  initial  production  of  wells  ranges  between  3 and  5 barrels 
daily.  The  average  production  of  the  older  wells  is  probably  less  than 
0.1  barrel  per  day.  The  sand  originally  contained  much  gas,  and 
new  wells  still  produce  as  much  as  2,000  cubic  feet  per  day.  Some 
salt  water  is  produced  with  the  oil,  but  less  than  from  the  Second 
sand. 

A part  of  the  pool  was  operated  under  vacuum  until  1937,  and  one 
plant  made  as  much  as  700  gallons  of  gasoline  daily.  An  attempt  at 
repressuring  with  gas  made  near  Bissel  Park  resulted  in  no  increase 
in  oil  production.  Gas  was  put  into  old  wells  and  it  is  probable  that 
it  passed  through  some  “thief”  sand,  without  moving  any  oil  in  the 
Gray  sand. 

A few  haphazard  attempts  at  water  flooding  have  been  made  in  the 
Gray  sand  with  no  success.  Surface  water  was  allowed  in  the  wells, 
but  apparently  none  entered  the  sand,  and  there  was  no  effect  on 
surrounding  wells. 

It  seems  possible  that  the  Gray  sand  might  be  susceptible  to  water 
flooding.  The  fact  that  it  is  uniform  over  considerable  areas,  and  ap- 
parently quite  uniform  vertically,  is  definitely  favorable.  The  fact 
that  it  seems  to  contain  very  little  water  is  also  favorable.  The  20  to 
30  feet  of  pay  sand  is  also  attractive.  However,  the  relative  abundance 
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of  gas  in  the  sand  suggests  that  recovery  by  primary  methods  may 
have  been  fairly  complete  and  the  oil  saturation  may  now  be  reduced 
to  a point  where  water  flooding  is  impossible.  Any  attempts  at  water 
flooding  should  be  preceded  by  careful  choice  of  the  best  part  of  the 
pool,  followed  by  diamond  coring. 

Hampton-Strong  Field 

The  Gray  sand  is  productive  in  a series  of  pools  trending  WS AV- 
ENE from  west  of  Tenmile  Bottom,  south  of  Stanleys  and  Sadlers 
Corners,  through  McPhersons  Corner  to  Clapp  Lease.  The  exact  stra- 
tigraphic position  of  this  sand  is  hard  to  determine  because  the  First 
and  Second  sands  have  changed  their  typical  character  and  thickness, 
and  most  of  the  well  records  in  this  area  are  incomplete.  The  trend 
is  nearly  at  right  angles  to  the  trend  of  the  Cranb erry-Rockl an d Gray 
Sand  pools.  It  seems  possible  that  the  Gray  sand  in  the  Hampton- 
Strong  field  is  slightly  higher  stratigraphically,  and  corresponds  more 
with  the  Third  Stray  sand  of  the  Titusville  quadrangle,  which  has  a 
similar  trend.  However,  this  is  by  no  means  established,  and  the  Gray 
sand  of  the  Hampton-Strong  field  is  not  more  than  20  feet  different 
stratigraphically  from  the  Gray  sand  of  the  Cranberry-Rockland  field. 

The  sand  ranges  between  1 5 and  25  feet  in  thickness.  In  the  western 
part  of  the  field,  near  Tenmile  Bottom  and  Sadlers  Corner,  no  cores 
have  been  taken  and  little  information  is  available  concerning  the 
nature  of  the  sand. 

Near  Sadlers  Corner  the  sand  is  reported  to  be  dark  gray,  fine, 
and  soft.  The  oil  is  light  in  gravity,  and  very  dark  colored.  The  sand 
is  said  to  lie  in  hard  and  soft  streaks,  although  this  could  not  be  con- 
firmed. It  is  reported  to  be  pebbly  north  of  McPhersons  Corner.  If 
surface  water  gains  access  to  the  face  of  the  sand,  as  from  a leaky 
casing,  it  is  reported  to  have  a very  deleterious  effect  on  the  oil  pro- 
duction. 

The  field  was  discovered  by  a well  drilled  about  1885  near  Sadlers 
Corner  which  produced  about  25  barrels  per  day.  Other  wells  pro- 
duced as  high  as  400  barrels  per  day.  There  has  been  little  drilling 
since  1920,  at  which  time  a few  wells  produced  as  much  as  20  barrels 
per  day,  but  most  less  than  one  barrel. 

Considerable  portions  of  the  pool  around  Sadlers  Corner  have  been 
abandoned.  It  was  reported  by  one  informant  that  certain  areas 
have  been  accidentally  flooded  by  Avater,  but  this  could  not  be  con- 
firmed, and  most  of  those  familiar  with  the  area  consider  it  unlikely. 
A small,  isolated  spot  of  production,  reported  to  be  Gray  sand  about 
one  mile  north  of  Sadlers  Corner,  is  also  abandoned. 
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The  pool  extends  from  McPhersons  Corner  eastward  continuously 
through  Clapp  Lease  to  the  eastern  border  of  the  quadrangle.  A well 
cored  near  Clapp  Lease  showed  20  feet  of  sand.  The  top  6 feet  was 
slialy  and  broken.  There  followed  4 feet  of  clear  gray  sand,  2 feet 
of  shale,  and  2 feet  of  soft  sand.  Below  was  6 feet  of  coarse  and 
fine  sand  with  hard  dark  sand  containing  a few  pebbles  at  the  bottom. 
The  average  porosity  was  18  percent. 

The  sand  is  said  to  be  quite  variable  in  character,  with  soft  and 
hard  spots,  which  in  some  places  are  long  “streaks”.  These  soft 
streaks,  which  are  frequently  pebbly,  bear  about  N.  70°E.  Only  a 
few  of  them  could  be  identified  because  of  the  many  years  that  have 
elapsed  since  the  wells  were  drilled.  In  this  character  the  sand  strik- 
ingly resembles  the  Third  Stray  sand  in  the  Goodwill  Hill-Grand 
Valley  pool  of  the  Titusville  quadrangle,  to  which  it  may  be  equiva- 
lent stratigraphically. 

Very  little  salt  water  is  produced  with  the  oil.  Gas  was  plentiful 
when  the  pool  was  first  drilled.  The  oil  is  dark  green  and  has  an 
A.P.I.  gravity  of  about  45°. 

Vacuum  has  been  applied  to  the  pool  since  about  1918.  It  is  said 
to  have  increased  oil  production  materially,  and,  at  one  time,  large 
quantities  of  gasoline  were  manufactured.  A small  area  has  been 
repressured  with  gas  northeast  of  Clapp  Lease  since  1936  with  very 
encouraging  results.  About  100  lbs.  per  square  inch  is  required  to 
inject  5,000  cubic  feet  per  day  into  the  Gray  sand. 

A small  pool,  now  largely  abandoned,  produces  from  the  Gray  and 
Third  sands  about  2 miles  SSW  of  Centerville.  Production  is  re- 
ported to  be  from  55  feet  of  sand,  which  includes  both  the  Gray  and 
Third  horizons.  The  pay  is  probably  stratigraphically  equivalent  to 
that  of  the  Hill  City  pool. 

A somewhat  smaller  pool  to  the  northwest,  about  one  mile  south  of 
Carnes  School,  produces  from  the  Gray  sand  only.  Records  show 
18-25  feet  of  sand. 

OIL  POOLS  IN  KNOX  FOURTH  AND  FIFTH  SANDS 

The  Knox  Fourth  and  Fifth  sands  are  productive  of  oil  and  gas  in 
a belt  extending  from  Fern  in  a southerly  direction  through  St.  Marks 
Church.  This  trend  continues  southward  to  the  Triangle  oil  pool, 
one  mile  north  of  Monroe  in  the  Foxburg  quadrangle.  The  sands  are 
said  to  be  darker  and  finer  than  the  overlying  Third  sand.  Wells  in 
the  Knox  Third  sand  pools  of  the  Coglev  field  are  drilled  through 
the  Fourth  and  Fifth  sands  where  the  latter  are  believed  to  be  pro- 
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ductive  mainly  for  additional  gas,  although  some  oil  is  encountered. 
Several  wells  about  a mile  north  of  Pitch  Pine  produce  10,000  to 
50,000  cubic  feet  of  gas  daily  from  the  Knox  Fourth  sand. 

OIL  POOLS  IN  THIRD  SAND 
Rouseville-Oil  City  Pool 

Extent.  The  Petroleum  Center-Pioneer  pool  of  the  Titusville  quad- 
rangle extends  south  and  southwest  through  Rynd  Farm,  Rouseville, 
McClintockville,  and  southwest  across  Cornplanter,  Holiday,  and 
Charley  Run,  leaving  the  quadrangle  north  of  Reno.  The  pool  is 
roughly  wedge-shaped,  being  about  2^  miles  wide  at  the  northern 
border  of  the  quadrangle,  and  narrowing  steadily  until  it  is  only 
about  half  a mile  on  Charley  Run.  (See  pi.  VI.)  The  thickness 
of  the  sand  similarly  decreases  from  30  feet  to  the  north  to  about 
12  feet  in  the  southwest. 

Lithology.  Characteristically  the  Third  sand  is  pebbly,  and 
pebbles  are  more  abundant  in  the  upper  part  of  the  sand  body. 
The  permeability  is  extremely  variable,  ranging  from  several  thou- 
sand millidarcies  in  the  pebble  beds  of  the  thick  parts  of  sand  in 
the  northern  part  of  the  pool  to  less  than  one  millidarcy  average  in 
the  finer  and  poorer  parts  of  the  sand.  The  permeability,  porosity, 
and  oil  content,  as  a rule,  decrease  as  the  thickness  decreases. 

The  Third  sand  of  the  Rouseville-Oil  City  pool  is  characterized  by 
multiple  bars  or  “streaks”,  as  it  is  in  the  Titusville  quadrangle.  Belts 
ranging  from  500  feet  to  2,000  feet  in  width,  trending  north  or  north- 
east, are  separated  by  relatively  poor  and  barren  belts  of  approxi- 
mately the  same  width.  Insufficient  information  was  available  to 
locate  these  bars  accurately  and  show  them  on  the  map.  The  best 
part  of  the  pool  coincides  with  the  axis  in  thickness.  It  extends  along 
Oil  Creek  from  the  north  boundary  of  the  quadrangle  as  far  as 
Rouseville,  and  embraces  the  Columbia,  Tarr,  Blood,  Rynd,  McClin- 
tock,  Steele,  and  Buchanan  farms,  all  of  which  were  very  prolific  when 
first  drilled  in  the  early  1860 ’s. 

At  the  north  the  sand  is  about  30  feet  thick.  The  uppermost  10 
feet  is  very  coarse  and  loose  pebble,  with  high  permeability.  The 
porosity  is  13  to  16  percent.  In  the  lower  part  of  the  sand  pebbly 
beds  are  common,  but  the  general  permeability  is  lower.  The  base 
also  is  pebbly  in  many  places. 

Southeastward  from  Oil  Creek  the  sand  thins  rapidly,  the  pebble 
beds  become  less  massive,  and  shale  beds  appear.  The  porosity 
decreases  to  10  to  13  percent,  and  the  oil  saturation  runs  from  20  to  30 


OIL  POOLS  IN  THIRD  SAND 


113 


Figure  17 — Tarr  farm  on  Oil  Creek,  2 miles  above  Rouseville,  about  1862. 

Note  7 wells,  M.  JANES  OFFICE,  and  women  in  hoop  skirts. 

Photograph  by  J.  A.  Mather.  Original  in  Drake  Well  Memorial. 

percent.  The  oil  content  is  mostly  less  than  250  barrels  per  acre-foot. 
West  of  the  thickest  part  of  the  sand  the  porosity  and  permeability 
show  a similar  decrease. 

The  permeable  sand  extends  down  Oil  Creek,  and  the  sand  is 
flooded  by  water  for  a considerable  area,  mostly  in  the  valley,  between 
Rynd  Farm  and  Rouseville.  The  history  of  other  similar  floods  in 
the  Third  sand  suggests  that  the  water  is  confined  to  the  more 
permeable  pebbly  beds. 

East  of  Rouseville  the  sand  is  about  20  feet  thick,  with  a porosity 
ranging  from  13  to  15  percent  and  permeabilities  mostly  below  50 
millidarcies.  Pebbles  are  present  at  the  top  and  bottom,  but  are 
usually  firmly  cemented.  Oil  content  ranges  from  200  to  300  barrels 
per  acre-foot. 

To  the  southwest  between  Cornplanter  and  Holiday  Run  the  sand 
ranges  between  10  and  15  feet  in  thickness.  The  pebbles  are  prin- 
cipally in  the  upper  part.  The  permeabilities  are  generally  low, 
seldom  over  100  millidarcies  and  usually  10  or  less.  Porosity  is 
generally  less  than  15  percent,  and  oil  content  is  commonly  below 
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200  barrels  per  acre-foot,  although  occasionally  well-saturated  spots 
are  found. 

Between  Charley  Run  and  Brannon  Run  the  sand  is  usually  slightly 
less  than  10  feet  in  thickness,  and  mostly  pebbly.  However,  the 
porosity  is  mostly  less  than  10  percent  and  the  permeability  is  usually 
low.  Some  beds  are  well  saturated  with  oil. 

The  limits  of  the  pool  are  not  clearly  defined  because  the  Second 
sand  is  productive  over  its  entire  area.  Where  the  Third  sand  is 
poor,  all  wells  are  not.  drilled  down  to  it.  Southwest  of  Oil  Creek 
the  sand  is  spotty  as  well  as  streaked,  and  some  small  localities  are 
much  richer  than  the  general  average. 

History.  Oil  was  found  along  Oil  Creek  in  1859,  only  a few  months 
after  the  drilling  of  the  Drake  well.  It  is  not  clear  whether  the  wells 
drilled  in  1859  and  1860  penetrated  the  Third  sand.  They  probably 
did  not,  but  pumped  oil  from  the  First  and  a little  from  the  Second 
sands.  The  first  flowing  well  was  the  Ilequemburg  well  at  Tidioute. 

The  first  well  to  tap  the  rich  Third  Sand  pool  near  Rouseville  was 
located  on  the  John  Buchanan  farm.  The  following  is  a compilation 
by  Guldens1  of  contemporary  accounts. 

“The  lessees,  Little  and  Merrick,  started  drilling-  in  the  spring-  of  1861 
on  the  north  side  of  the  farm,  east  of  Oil  Creek,  and  back  at  the  junction 
of  the  bottom  land  and  a steep  hill.  About  sunset  on  April  17,  1861,  the 
driller  struck  not  only  a heavy  vein  of  oil  but  a huge  gas  pocket,  and  the 
well  commenced  gushing  at  the  astounding  rate  of  3,000  barrels.  A work- 
man rushed  to  Anthony’s  Hotel,  a short  distance  away,  to  tell  Henry  Rouse, 
one  of  the  lessees  of  the  farm,  George  Dimmick,  the  superintendent,  and 
others,  who  were  discussing  the  fall  of  Fort  Sumter,  about  the  sensational 
srtike.  Everyone  at  the  hotel  ran  towards  the  well,  except  Dimmick,  who 
hurried  away  to  secure  barrels.  News  of  the  strike  rapidly  circulated,  and 
within  a short  time  at  least  150  people  had  assembled  to  see  this  giant 
gusher. 

“Having  arranged  for  the  barrels,  Dimmick  ran  towards  the  well,  and 
when  within  twenty  rods,  a sheet  of  fire,  as  sudden  as  lightning,  burst  forth, 
followed  by  a terrific  explosion  that  sounded  like  the  report  of  a heavy 
piece  of  artillery.  Instantly  an  acre  of  ground  with  two  wells,  oil  vats,  a 
barn,  and  over  100  barrels  of  oil,  were  ablaze.  The  well  continued  to  spout 
oil  high  into  the  air,  which  fell  to  the  ground,  igniting  as  soon  as  it  fell 
and  adding  dense  smoke  and  sheets  of  flame  to  the  horrors  of  the  scene. 
Those  standing  about  the  wells  were  either  stunned  or  prostrated  by  the 
explosion ; oil  saturated  their  clothing  and  most  of  them  became  human 
torches  and  frantically  tried  to  escape  from  the  fiery  furnace. 

“Rouse  was  standing  within  twenty  feet  of  the  well  when  the  explosion 
occurred.  Retaining  his  presence  of  mind,  he  started  running  toward  the 
hill.  He  had  not  taken  more  than  a half-dozen  steps  when  he  stumbled  and 
fell.  Burying  his  face  in  the  mud  to  keep  from  inhaling  the  flames,  he 
recovered,  started  up  the  ravine,  fell  a second  time,  exhausted,  but  two 
spectators  rushed  to  his  aid  and  dragged  him  out.  His  entire  body  from  the 
head,  down  the  back  and  legs  to  the  knees,  was  burned  to  a crisp.  Taken 
to  a nearby  shanty  and  placed  on  a bed,  he  suffered  the  most  excruciating 
pain. 

“Rouse  remained  conscious  for  four  hours,  but  showed  no  sign  of  his 


1 Giddens,  Paul  H.,  The  Birth  of  the  Oil  Industry,  1938,  p.  76. 
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terrible  distress.  With  coolness  and  precision,  he  clearly  and  concisely  dic- 
tated his  will,  while  someone  administered  water  with  a spoon  in  the  mid- 
dle and  at  the  end  of  every  sentence.  After  remembering  his  family  and 
intimate  friends,  he  bequeathed  the  bulk  of  his  estate  to  the  Commissioners 
of  Warren  County,  Pennsylvania,  the  income  from  which  was  to  be  used  for 
roads  and  to  aid  the  poor.  Within  less  than  an  hour  after  completing  his 
will,  he  died. 

“Of  the  eight  men  talking  about  Fort  Sumter  at  Anthony’s  Hotel  before 
the  fire,  Dimmick  was  the  only  one  to  escape  injury,  and  Rouse  the  only 
one  to  burn  to  death.  Altogether  nineteen  persons  ultimately  lost  their 
lives  and  the  property  damage  amounted  to  about  $20,000.  If  the  explosion 
had  come  an  hour  later,  it  would  have  claimed  more  victims,  for  scores  of 
people  were  constantly  arriving  at  the  well. 

“The  well  burned  for  three  days  and  made  a magnificent  sight.  From  a 
pipe  six  inches  in  diameter,  a solid  column  of  gas  and  oil  extending  sixty 
or  seventy  feet  in  the  air,  burned  brilliantly  with  immense  clouds  of  dense 
black  smoke  rising  skyward.  Hundreds  of  people  came  to  see  the  wonder 
and  visit  the  scene  of  the  disaster.  The  fire  was  finally  smothered  with 
manure  and  earth  and  brought  under  control. 

“Some  believe  that  the  explosion  was  caused  by  Rouse’s  smoking  a cigar, 
but  contemporary  accounts  do  not  substantiate  the  charge.  On  the  con- 
trary, it  appears  that  he  exercised  great  care  in  banning  lighted  pipes  and 
cigars  from  the  immediate  vicinity  of  the  well.  The  generally  accepted 
view  is  that  the  explosion  and  fire  resulted  from  the  gas  coming  into  con- 
tact with  a boiler  at  a neighboring  well  about  ten  rods  distant.” 

Other  large  flowing  wells  were  drilled  along  Oil  Creek  in  1861  and 
1862.  Drilling  continued  sporadically,  depending  on  the  price  of  oil, 
until  about  1870.  During  these  years  the  Third  Sand  trend  was  fol- 
lowed southwesterly  to  Kennerdell  and  Bullion  (in  the  Hilliards 
quadrangle).  Little  more  drilling  took  place  until  the  Second  sand 
was  developed  in  the  1880 ’s.  By  1900  a part  of  the  pool  east  of 
Rouseville  was  abandoned.  A period  of  redrilling  took  place  in 
this  district  between  1918  and  1925.  Parts  of  the  pool,  notably  Oil 
Creek  valley  between  Rynd  Farm  and  Rouseville  are  still  abandoned 
because  of  fresh  water  that  gained  access  to  the  sand  through  the 
early  wells.  South  of  Rouseville  on  the  east  side  of  the  creek  are  a 
few  districts  that  have  been  abandoned  within  the  last  30.  years. 
The  sand  is  probably  not  as  good  as  it  is  to  the  north  and  west,  and 
there  is  little  additional  production  from  the  Second  and  Gray  sands. 

About  1920,  suction  was  applied  to  wells  on  the  Columbia  farm 
(up  Oil  Creek,  just  outside  the  Oil  City  quadrangle),  and  to  a 
restricted  extent  in  other  portions  of  the  pool.  Much  natural  gasoline 
was  recovered. 

Since  1930,  parts  of  the  pool  have  been  repressured  with  air, 
although  none  of  the  projects  are  intensive.  On  the  whole,  results 
have  been  encouraging,  in  spite  of  the  difficulties  resulting  from  the 
variations  of  permeability  in  the  sand. 

In  1943,  new  wells  have  initial  productions  of  Yo  to  2 barrels  per 
day.  The  settled  production  of  the  older  wells  averages  about  0.1 
barrel.  The  oil  is  dark  green,  with  an  A.P.I.  gravity  of  42°  to  47°. 
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Water  production  is  variable,  and  is  very  large  where  oil  wells  per- 
mitted surface  water  access  to  the  sand.  Gas  was  abundant  in  the 
early  days,  and  the  Third  sand  still  produces  much  more  gas  than  the 
overlying  Second  sand. 

In  the  southwest  part  of  Oil  City  the  Third  sand  ranges  from 
10  to  15  feet  in  thickness  in  small  areas,  and  is  said  to  be  locally 
productive.  It  is  separated  from  the  overlying  Gray  sand  by  3 to  10 
feet  of  shale.  It  is  also  reported  to  be  productive  at  certain  localities 
in  the  Cranberry-Rockland  Gray  Sand  pools,  but  these  could  not  be 
located.  Near  Cranberry  six  feet  of  “clover  seed”  sand  lies  at  the 
base  of  the  Gray  sand,  and  is  considered  to  be  Third  sand  by  the 
drillers. 

Egypt  Corners  Pool 

At  Egypt  Corners  a well  drilled  in  1884  produced  200  barrels  per 
day  from  the  Third  sand.  Other  wells  drilled  nearby  produced  be- 
tween 20  and  1,200  barrels,  averaging  about  50  barrels  per  day. 
Much  excitement  was  caused  by  this  discovery.  The  sand  is  about 
15  feet  thick,  and  is  reported  to  be  loosely  cemented  conglomerate. 
The  oil  is  light  green,  and  very  little  water  was  produced.  The  field 
was  progressively  abandoned  as  production  declined,  and  has  not  pro- 
duced since  1935,  although  the  equipment  is  still  (1941)  standing  in 
a few  wells. 

A well  114  miles  southeast  of  Cranberry  is  reported  to  have  pro- 
duced gas  from  the  Third  sand. 

Hill  City  (Tarkiln)  Pool 

The  Hill  City  pool  contains  an  area  of  350  acres,  of  which  80  have 
been  abandoned.  The  productive  sand  is  here  called  the  Third, 
although  it  may  include  both  the  Gray  and  Third  sands  of  the  Cran- 
berry-Roekland  pool. 

The  pool  was  discovered  in  1886,  and  developed  rapidly.  Initial 
production  of  wells  ranged  up  to  800  barrels  per  day,  and  many  wells 
produced  more  than  100  barrels  per  day.  The  field  produced  nearly 
3,000  barrels  per  day  for  about  six  months.  Gas  was  abundant,  and 
was  sometimes  turned  into  the  cylinders  of  the  steam  drilling  engines 
in  place  of  steam,  and  burned  at  the  exhausts.  Vacuum  was  applied 
very  early  in  the  life  of  the  pool,  and  was  discontinued  about  1935. 
The  gas  is  still  very  wet,  and  some  gasoline  is  made.  The  oil  is 
black  and  of  45  A.P.I.  gravity. 

The  sand  is  about  45  feet  thick.  It  is  a fine  to  medium,  and  in 
places  coarse  sand,  with  abundant  pebbles  in  conglomerate  beds  and 
scattered  through  the  sand.  Thin  beds  of  shale  are  common.  Small 
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lumps  or  “knots”  of  shale  are  present,  especially  in  the  upper  part. 
The  best  pay,  as  reported  by  the  drillers,  is  in  the  lower  10  to  15  feet, 
although  the  core  analyses  show  little  difference  in  oil  content.  The 
average  porosity  of  the  sand  is  13  percent,  saturation  25  to  35  percent. 
The  permeability  differs  very  widely,  depending  on  the  shale  content 
and  grain  size. 

In  1937  gas  drive  was  applied  to  a small  part  of  the  pool  with  good 
results.  Recent  wells  have  had  initial  productions  as  high  as  17 
barrels  per  day.  Gas  is  obtained  from  the  underlying  Speechlev  sand. 

The  southern  part  of  the  pool  is  abandoned  and  reported  to  be 
flooded  by  water.  The  water  is  salty,  and  it  is  not  clear  whether  it  is 
entirely  of  intrusive  origin  or  whether  some  original  edge  water  may 
have  been  present. 

Gas  City  Pool 

The  Gas  City  pool  was  discovered  in  18691  and  produced  large 
quantities  of  gas  and  some  oil.  Sixty  wells  were  drilled,  and  by  1875 
the  pool  was  practically  exhausted.  The  extent  of  this  pool  could 
not  be  determined,  nor  were  any  well  records  available.  Tradition 
has  it  that  the  sand  was  the  same  as  that  of  the  Hill  City  (Tarkiln) 
pool. 


PRODUCTIVE  SANDS  BETWEEN  THE  VENANGO  GROUP 
AND  THE  SPEECHLEV  SAND 

The  general  character  and  stratigraphy  of  the  rocks  below  the 
Venango  Oil  Sand  group  was  discussed  earlier  in  this  report.  The 
records  of  the  deeper  wells  are  published  in  the  list  of  deep  wells 
later  in  this  report.  The  oil  and  gas-production  status  of  the  deeper 
sands  is  briefly  discussed  below. 

No  shows  of  oil  or  gas  have  been  reported  from  the  First  Warren 
sand  in  this  quadrangle. 

A show  of  oil  was  encountered  in  the  Second  Warren  sand  near 
Monarch  Park  at  the  extreme  western  edge  of  the  quadrangle  just 
south  of  Lower  Twomile  Run.  The  sand  was  wrongly  reported  as 
Queen  sand.  A good  show  of  oil  also  occurred  in  well  350  about 
one  mile  south  of  Carnes  School,  near  the  center  of  the  quadrangle. 
No  name  was  given  and  the  type  of  sand  was  not  reported  but  was 
likely  a more  permeable  phase  of  one  of  the  greenish-gray,  fine- 
grained sandstone  members.  The  “shows”  were  found  in  the  medial 
portion  of  the  sand.  It  seems  unlikely  that  commercial  production 
will  be  developed  at  this  horizon  although  most  of  the  intervening 

1 Second  Geol.  Survey  of  Penna.,  Report  L,  1875,  pp.  166,  177,  1876.  Second  Geol. 
Survey  of  Penna.,  Annual  Report,  1886,  pt.  II,  p.  634,  1887. 
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territory  between  the  two  wells  having  shows  lias  not  been  thoroughly 
tested.  In  the  central  part  of  the  Franklin  quadrangle,  shows  were 
reported  in  both  the  First  Warren  and  Queen  sands  but  no  drillers’ 
records  are  available.  Some  of  the  shows  may  have  been  in  the 
Second  Warren  sand. 

Gas  was  reported  from  the  Queen  sand  in  four  wells,  all  in  or  near 
the  southeastern  one-ninth  of  the  quadrangle.  Well  353  at  Fern 
made  10,000  cubic  feet  of  gas  per  day  when  drilled.  Well  300,  half 
a mile  southwest  of  Black  School,  well  354  just  west  of  St.  Marks 
Church,  and  well  351  two  miles  north  of  Pitch  Pine  also  record  gas 
shows.  Doubtless  other  wells  in  the  southeastern  part  of  the  quad- 
rangle encountered  shows  of  gas  in  the  sand.  The  small  area  in  the 
extreme  southeast  corner  has  not  been  thoroughly  tested. 

Shows  of  oil  or  gas  have  not  been  reported  from  the  Clarendon 
Stray  sand  in  this  quadrangle. 

OIL  POOL  IN  SPEECHLEY  SAND 

Speeehley  Oil  Pool 

In  most  of  the  area  between  Carnes  School  and  McCrea  School  the 
Speeehley  sand  is  productive  of  oil  as  well  as  gas  (pi.  VII).  Most 
wells  produce  a few  barrels  per  month  or  per  year,  which  is  shipped 
in  drums. 

In  about  580  acres  north  and  west  of  Carnes  School  the  sand  has 
been  drilled  more  for  oil  than  for  gas.  The  total  thickness  of  the 
sand  here  is  about  140  feet,  which  may  include  part  or  all  of  the 
Clarendon  sand  above  the  Speeehley  and  the  Tiona  below.  The  sand 
is  dark  gray  to  reddish  chocolate  brown  and  contains  a few  thin 
beds  of  shale. 

As  a rule  the  sand  is  barren  for  the  first  10  feet  from  the  top. 
Gas  is  present  between  10  and  40  feet  into  the  sand.  About  40  or 
50  feet  below  the  top  the  oil  pay  begins.  The  oil  saturation  con- 
tinues 10  to  30  feet,  then  salt  water  is  encountered.  Every  effort  is 
made  to  stop  the  wells  before  encountering  the  water,  because  if 
penetrated,  the  water  tends  to  flood  out  the  oil  pay.  Plugging  back 
with  lead  wool  is  occasionally  resorted  to,  but  is  not  considered  gen- 
erally satisfactory. 

The  oil  is  light  to  dark  green.  Initial  production  of  wells  ranges 
from  1 to  5 barrels  per  day.  The  wells  are  stated  to  decline  in 
production  very  slowly,  and  some  of  them  produce  a barrel  or  more 
daily  several  years  after  they  were  drilled.  About  20  to  50  thousand 
cubic  feet  of  gas  is  produced  daily  from  new  wells  in  this  pool. 


THE  GAS  POOLS 

GAS  POOLS  IN  SPEECHLEY  SAND 
Speeehley  Gas  Field 
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General  description.  The  Speeehley  gas  field,  by  far  the  most  im- 
portant gas  field  in  the  quadrangle,  extends  in  a northeasterly  direc- 
tion across  the  quadrangle  and  into  the  adjoining  Tionesta  quadrangle. 
(See  Plate  VII.)  It  is  from  5 to  7 miles  wide. 

This  field  was  opened  up  in  1885  by  a well  drilled  on  the  Samuel 
Speeehley  farm  at  Coal  Hill.  Although  not  gauged,  the  initial  pro- 
duction of  this  well  is  known  to  have  been  very  large.  This  well 
when  new  furnished  the  entire  gas  supply  for  Oil  City.  It  is  still 
producing  as  well  No.  157,  United  Natural  Gas  Company. 

About  860  Speeehley  wells  are  shown  on  Plate  VII.  For  some 
no  records  were  available.  It  is  difficult  to  estimate  the  number  of 
wells  that  have  been  drilled  to  the  Speeehley  sand  for  which  neither 
records  nor  locations  were  obtained,  but  they  probably  amount  to 
several  hundred. 

The  Speeehley  gas  wells  are  abandoned  when  upkeep  no  longer 
pays.  Normally  this  occurs  when  the  volume  has  decreased  to 
approximately  5,000  cubic  feet  daily.  In  some  cases  the  cost  of 
pumping  plus  the  cost  of  inequitable  lease  arrangements  has  caused 
premature  abandonment  but  commonly  the  latter  is  adjusted  so  that 
the  gas  is  utilized  until  the  volume  decreases  to  the  above  figure.  No 
part  of  the  field  has  ever  been  totally  abandoned. 

The  Speeehley  sand  lies  at  depths  ranging  from  1,500  to  2,100  feet. 
It  is  approximately  1,360  feet  below  the  Corry  sandstone  in  the 
eastern  and  central  parts  of  the  field.  In  the  southwestern  part  this 
interval  decreases  to  a minimum  of  1,310  feet.  This  same  interval 
along  the  northern  edge  of  the  field  increases  to  as  much  as  1,430  feet. 
This  change  of  interval  has  been  previously  discussed  under  the  sec- 
tion on  Subsurface  Stratigraphy. 

The  Speeehley  Sand  map,  Plate  VII,  shows  thickness  contours  on 
the  Speeehley  sand.  These  contours  in  many  places  are  sketched  with 
few  good  data.  This  is  especially  true  in  the  area  embraced  by 
Maple  Shade,  Carnes  School,  Nickleville,  and  Freedom  and  in  the 
general  area  between  Carnes  School  and  McCrea  School.  The  thickest 
part  of  the  sand  is  half  a mile  south  of  Carnes  School.  The  sand 
thins  rapidly  and  uniformly  along  its  northwest  edge  and  more  slowly 
and  irregularly  along  its  southeast  edge.  The  Speeehley  sand  is 
irregular  and  different  drillers  record  sand  or  shale  differently. 
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The  Speechley  sand,  as  previously  described,  is  a fairly  uniform, 
fine  to  coarse-grained,  light  brown  sandstone  with  interbedded,  dark 
greenish-gray  shale  and  gray  to  white,  fine-grained  sandstone.  Some 
of  the  sandstone  members  are  slightly  calcareous.  Quartz  pebbles 
up  to  two  millimeters  in  diameter  occur  sparingly  in  cuttings  from 
the  top  of  the  sand  in  a well  near  Barrs  Corner.  Pebbles  such  as 
these  occur  locally.  Except  locally,  the  Speechley  sand  is  not  friable. 
South  of  Powell  Corners  and  Ivapp  School  sampled  wells  show  the 
Speechley  sand  to  be  fine  grained  throughout  its  entire  thickness. 
A comparison  of  these  sampled  wells  and  the  sampled  well  north  of 
Barrs  Corner  indicate  that  the  Speechley  sand  is  coarser  along  the 
north  and  northwest  edge  of  the  field  and  is  finer  and  more  shaly 
progressively  in  a southeast  direction  across  it.  Initial  production 
of  the  wells  supports  this  conclusion.  In  well  302  half  a mile  north- 
west of  Elmo  80  feet  of  black  sand  was  logged  as  Speechley.  In  well 
354  near  St.  Marks  Church  55  feet  of  Speechley  sand  was  logged  as 
“shells  and  slate”.  This  condition  is  thought  to  exist  along  the 
entire  southern  edge  of  the  field,  indicating  that  the  Speechley 
sand  has  changed  to  shaly  sand  or  sandy  shale.  A dry  hole  with 
18  feet  of  sand  is  0.3  mile  north  of  Black  School  and  a gas  well  with 
13  feet  of  pay  is  0.7  mile  south  of  Elmo.  Other  wells  showing 
thin  sand  are : half  a mile  west  of  Elmo  20  feet  of  sand,  three- 
fourths  mile  west  of  St.  Marks  Church  4 feet  of  sand,  one  mile 
southeast  of  Freedom  20  feet  of  sand,  and  l1/^  miles  southeast  of 
Nickleville  where  there  is  12  feet  of  pay  at  the  top  of  20  feet  of  sand, 
the  bottom  of  which  is  broken.  The  Speechley  sand  is  productive 
locally  southeast  of  the  main  field. 

Along  the  northwest  edge  of  the  field  the  sand  cuts  out  with  the 
top  disappearing  first.  There  the  sand  probably  thins  out  rather 
than  becoming  shaly.  The  rather  smooth  and  uniform  edge  of  pro- 
duction confirms  this  supposition. 

In  most  of  the  field  the  sand  is  divided  into  two  general  zones  or 
members  by  2 to  15  feet  of  shale  or  sandy  shale,  60  to  75  feet  below 
the  top  of  the  sand.  Thin  shale  beds  are  also  irregularly  distributed 
through  both  sand  members.  The  npper  member  underlies  the  entire 
field,  with  the  exception  of  the  extreme  northern  portion  near  Clapp 
Lease,  where  it  may  be  absent  due  to  loss  of  thickness  of  the  sand. 
The  lower  member  is  present  under  the  entire  field  with  the  exception 
of  the  southeastern  part  in  the  Nickleville-Billings  area.  There  this 
member  is  absent  or  so  poorly  developed  that  it  is  not  recorded  by 
the  drillers.  The  lower  member  is  not  as  uniformly  developed  as 
the  upper  and  tends  to  be  spotty.  No  trends  have  been  worked  out 
for  this  member.  The  lower  member  over  much  of  the  field,  par- 
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ticularly  the  southwest  portion,  has  not  been  tested.  Wells  normally 
were  not  drilled  to  it  because  of  the  presence  of  water  in  the  lower 
part  of  the  upper  member. 

Salt  water  is  present  in  approximately  the  lower  10  feet  of  the 
upper  member  of  the  sand  throughout  most  of  the  field.  In  general 
this  is  not  edge  water,  as  shown  by  the  fact  that  it  does  not  conform 
to  the  structure.  It  is  true  that  the  structurally  highest  parts  of  the 
field  are  generally  devoid  of  water  but  throughout  the  remainder  of 
it  no  conformity  between  structure  and  water  level  exists.  The 
explanation  of  this  anomalous  situation  is  not  clear.  It  may  be  the 
result  of  a readjustment  since  the  field  was  opened,  owing  to  with- 
drawal of  the  water  or  gas.  Water  may  have  traveled  up  dip  toward 
areas  where  pressure  had  been  reduced  by  gas  withdrawal.  The 
water  may  have  actually  retreated  in  areas  where  pumping  has  been 
continuous.  Neither  of  these  explanations  satisfactorily  accounts  for 
this  situation  because  the  sand  is  believed  to  possess  low  permeability. 
Perhaps  the  permeability  is  so  low  that  the  structural  gradient  was 
not  sufficient  for  gravity  to  cause  movement  of  appreciable  quantities 
of  water  down  dip.  A less  probable  explanation  is  the  presence 
of  shale  breaks  in  the  sand  body.  These  breaks  may  separate  the 
sand  into  a series  of  separate  bodies,  each  with  its  own  water  level. 

In  some  parts  of  the  field  oil  occurs  just  above  the  salt  water. 
North  of  Carnes  School  is  an  area  of  about  580  acres  that  has  been 
developed  principally  for  oil.  Just  west  of  this,  at  Hill  City,  there 
is  more  water  than  in  other  parts  of  the  field.  Small  amounts  of  oil 
are  also  encountered  in  the  general  area  between  Centerville,  Saw- 
town,  and  Powell  Corners.  Some  early  wells  on  the  Clapp  Lease  got 
oil  just  above  salt  water.  There  appears  to  be  neither  salt  water  nor 
oil  in  the  lower  member  of  the  Speechley  sand. 

The  gas  occurs  in  a series  of  pays  in  both  upper  and  lower  members. 
The  first  pay  is  often  encountered  as  soon  as  the  sand  is  struck.  The 
main  pays  in  the  upper  member  occur  above  the  salt  water  but  some 
increase  in  gas  production  is  often  noted  after  salt  water  is  encoun- 
tered. When  drilling  the  sand  there  is  a gradual  increase  in  volume 
until  the  break  is  reached.  The  volume  of  gas  then  falls  off  until 
the  lower  member  is  penetrated,  when  it  increases  again.  The  upper 
member  is  the  most  persistent  productive  sand.  The  extent  of  the 
lower  member  is  somewhat  limited  and  in  some  areas  it  is  noncom- 
mercial. 

Production.  It  is  estimated  that  the  original  rock  pressure  in 
the  Speechley  field  was  approximately  800  p.s.i.  Some  of  the  early 
wells  were  estimated  to  have  produced  originally  as  much  as  a million 
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cubic  feet  of  gas  daily.  Records  of  the  pressure,  open  flow  volume, 
or  sand  thickness  are  lacking  for  most  wells  drilled  before  1890. 

Pressure  and  volume  decline  can  be  traced  in  a rough  sort  of  way 
for  the  northwest  edge  of  the  pool  where  the  early  and  intensive 
development  took  place.  The  following  data  apply  to  the  top  mem- 
ber of  the  sand.  Two  wells  drilled  in  1891  built  up  pressure  of  500 
and  530  p.s.i.  respectively  in  15  minutes.  A group  of  wells  drilled 
in  the  period  1896-1900  had  pressures  which  built  up  from  200  to  325 
p.s.i.  during  periods  ranging  from  30  to  80  minutes.  Initial  produc- 
tions of  these  wells  ranged  from  250  to  500  thousand  cubic  feet  daily. 
The  rock  pressure  averaged  about  50  p.s.i.  during  the  period  1915- 
1918  with  volume  ranging  between  50  and  200  thousand  cubic  feet 
daily.  The  rock  pressure  of  Avells  drilled  through  the  lower  member 
of  the  Speec-hley  sand  during  the  same  period  was  about  95  p.s.i. 
Wells  drilled  during  1921-22  had  production  figures  similar  to  those 
for  1915-1918.  The  rock  pressure  of  wells  drilled  in  the  Barrs 
Corner-Van  area  during  1925-1926  ranged  from  45  to  75  p.s.i.  and 
averaged  approximately  60  p.s.i.  Volumes  ranged  from  26  to  266 
thousand  cubic  feet  daily.  The  rock  pressure  in  1942  along  the  north- 
west edge  of  the  field  was  approximately  15  p.s.i.  guage. 

Along  the  southeast  edge,  pressures  have  remained  higher  and 
volume  smaller.  Pressures  as  high  as  600  p.s.i.  were  recorded  dur- 
ing the  period  1915-1926.  Volumes  up  to  400,000  cubic  feet  daily 
were  recorded.  Most  of  the  wells  had  initial  production  of  less  than 
100,000  cubic  feet  daily.  The  highest  recently  recorded  rock  pressure 
was  390  p.s.i.  in  a well  near  Venus,  2y2  miles  east  of  Powell  Corners. 
Dry  holes  were  drilled  nearby,  and  it  is  probable  that  this  well 
produced  from  a body  of  sand  more  or  less  isolated  from  the  main  pool. 

The  rock  pressure  of  new  wells  throughout  the  field  is  greatly 
influenced  by  the  presence  or  lack  of  gas  in  the  lower  member  of 
the  sand. 

Where  water  and  oil  are  produced  with  the  gas,  the  limiting  factor 
is  the  volume  of  gas  produced  from  that  particular  well.  Oil  produc- 
tion is  commonly  one  to  three  gallons  daily.  Where  water  is  present, 
its  production  commonly  ranges  from  one-ninth  to  one-third  barrel 
daily.  Some  wells  produce  considerably  more  than  one-third  barrel 
of  water  daily. 

Customary  well  spacing  was  350  to  2,500  feet.  The  spacing  in 
most  of  the  field  is  not  uniform.  Prom  300  to  500  feet  of  casing  is 
required  to  shut  off  fresh  water.  Salt  water  sands  and  shallow  oil 
sands  are  shut  off  by  using  3-  or  4-inch  tubing  with  a packer  on  the 
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bottom  set  immediately  below  the  sand  to  be  shut  off.  For  wells 
that  require  pumping,  smaller  tubing  equipped  with  working  barrel 
and  rods  is  run  to  bottom.  The  amount  of  water  that  the  well  makes 
and  the  depth  the  well  is  drilled  below  the  sand,  if  any,  determine 
how  often  a well  must  be  pumped.  Most  of  the  new  wells  are  drilled 
through  the  sand  to  provide  a pocket  for  the  collection  of  salt  water, 
and  of  oil  when  present,  thereby  increasing  the  period  from  one 
pumping  to  another.  Wells  are  pumped  by  individual  units  located 
at  the  well.  Gas  engines  are  used  as  prime  movers. 

The  Speechley  sand  is  one  of  the  gas  sands  that  respond  favor- 
ably when  shot.  Shooting  plays  an  important  part  in  reviving  old 
wells.  The  sand  is  shot  with  two  to  four  quarts  of  nitroglycerin 
per  foot. 

The  product  of  the  Speechley  field  is  a wet  natural  gas.  The  specific 
gravity  of  individual  samples  of  the  gas  produced  from  the  Speechley 
sand  ranges  from  0.719  to  1.058.1  The  specific  gravity  of  the  gas  from 
any  given  well  increases  with  the  age  of  the  well.  An  analysis  of  a 
sample  of  gas  from  any  well  or  group  of  wells  would  not  represent 
the  field.  Only  one  analysis  of  Speechley  Sand  gas  is  available  and  is 
reproduced  below.  This  analysis  probably  is  not  representative  of 
the  field  but  illustrates  to  a certain  extent  the  character  of  the  gas 
produced  in  the  Speechley  gas  field. 

Analysis  of  wet  natural  gas‘ , 5 
(By  United  Natural  Gas  Company) 


Methane  64.96 

Ethane  30.61 

Propane  1.70 

Butane  1.10 

Pentane  .73 

Hexane  and  higher  .40 

Nitrogen  .50 

100.00 

Specific  gravity  (air  = 1)  759 

B.  t.  u.  per  cubic  foot  1,299 


Gasoline  is  manufactured  by  compression  methods  at  compressor 
stations  on  the  main  pipe  lines.  The  United  Natural  Gas  Company 
operated  a charcoal  adsorption  plant  at  Van. 

Reserves.  Not  enough  data  are  available  to  estimate  reserves  in- 
telligently. No  core  data,  porosity  data  on  drill  cuttings,  or  pressure 
decline-volume  data  could  be  obtained. 

1 Data  furnished  by  United  Natural  Gas  Company. 

2 Wet  gas  from  Strong  compressing  station.  The  gas  is  collected  from  the  Speechley 
sand  in  Venango  County  which  is  also  producing  oil. 

s Sisler,  J.  D.,  et  al.  Contributions  to  oil  and  gas  geology  of  western  Pennsylvania  : 
Penna.  Topog.  and  Geol.  Survey,  Bull.  M19,  1933. 
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GAS  POOLS  IN  TIONA  SAND 

Monarch  Park  Gas  Field 

The  Tiona  Sand  map,  plate  VIII,  shows  the  extent  of  the  Monarch 
Park  gas  field.  The  early  wells  were  drilled  about  1910.  The  field 
has  been  intensively  developed  only  at  Monarch  Park. 

The  producing  sand,  the  Tiona,  is  commonly  called  Gas  or  Speechley 
Sand  by  the  driller.  It  lies  at  depths  ranging  from  1,800  to  2,000 
feet  in  most  of  the  area.  Thickness,  where  recorded,  ranges  between 
2 and  65  feet.  Thickness  contours  for  the  Tiona  sand  in  this  field 
are  shown  on  plate  VIII. 

The  Tiona  sand  here  is  a fine-grained  brown  or  chocolate-colored 
sand.  Locally,  gray  sand  replaces  the  brown.  The  pay  sand  ranges 
from  2 to  30  feet  in  thickness:  Generally  the  pay  sand  is  in  the 

lower  part  of  the  sand  body  but  locally  the  entire  sand  is  productive. 

No  initial  production  figures  are  available.  Present  volume  of 
10-  to  15-year  old  wells  ranges  from  2 to  10  thousand  cubic  feet  daily. 
No  water  is  produced  with  the  gas. 

This  field  is  controlled  entirely  by  stratigraphic  conditions.  The 
best  production  is  along  the  axis  of  thickest  sand.  The  area  south  of 
Seneca,  as  far  as  could  be  determined,  has  not  been  thoroughly  tested. 

Sadlers  Corner  Gas  Field 

The  well-developed  part  of  the  gas  field  extends  for  3 miles  in  a 
northeasterly  direction  from  Sadlers  'Corner. 

The  producing  sand,  the  Tiona,  lies  at  depths  ranging  from  1,800 
to  2,000  feet  under  most  of  the  area.  Thickness,  where  recorded, 
ranges  between  10  and  41  feet.  Thickness  contours  for  the  Tiona  sand 
in  this  field  are  shown  on  plate  VIII.  It  is  believed  that  the  physical 
characteristics  of  the  Tiona  sand  are  much  the  same  here  as  in 
Monarch  Park  gas  field.  Gas  occurs  commonly  throughout  the  entire 
sand  thickness.  Pay  is  encountered  in  both  top  and  bottom  of  the 
sand  near  the  northwest  edge  of  the  Speechley  gas  field.  The  name 
Speechley  is  used  by  the  driller  for  the  Tiona  sand  in  this  field.  It 
is  probable  that  some  of  the  sand  called  Tiona  in  this  report  is 
Speechley  sand.  The  relation  between  the  Tiona  and  Speechley  sands 
has  been  discussed  previously. 

Initial  production  of  a well  drilled  in  1925  near  Sadlers  Corner 
was  18,000  cubic  feet  daily  and  built  up  pressure  was  38  pounds  per 
square  inch  in  17  hours.  This  was  the  only  well  for  which  produc- 
tion figures  were  obtained  but  it  is  thought  to  be  representative  of 
the  better  parts  of  the  field.  Earlier  wells  were  probably  larger  than 
this  one.  As  far  as  could  be  determined  no  water  is  produced  with 
the  gas. 
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This  field  is  not  developed  north  of  Sadlers  Corner.  One  well 
2 miles  north  of  Clapp  Lease  is  a producer.  Two  wells  in  the  ex- 
treme northeastern  part  of  the  Oil  City  quadrangle  encountered  small 
shows  of  gas  in  the  Tiona  sand. 

An  essentially  continuous  streak  of  Tiona  gas  production  may 
extend  from  the  north-central  one-third  of  the  Halliards  quadrangle, 
through  the  “Speechley”  (Monarch  Park)  gas  field  of  the  Franklin 
quadrangle,  the  Monarch  Park  and  Sadlers  Corner  gas  fields  of  the 
Oil  City  quadrangle  into  the  southwestern  part  of  the  Tidioute  quad- 
rangle. Although  gas  in  the  Tiona  may  reasonably  be  anticipated 
anywhere  within  this  streak  the  usual  production  will  probably  not 
exceed  about  15,000  cubic  feet  per  day. 

Kossuth  Gas  Field 

The  Kossuth  gas  field  as  here  designated  extends  from  a point  half 
a mile  southeast  of  Kossuth  in  an  easterly  direction  to  the  edge  of  the 
quadrangle.  The  Tiona  Sand  map,  plate  VIII,  shows  the  extent  of 
this  field. 

The  date  of  drilling  of  the  early  wells  is  not  known.  Most  of  the 
wells  were  drilled  after  1923  between  Elmo  and  Fern. 

The  producing  sand,  the  Tiona,  lies  at  depths  ranging  from  2,000  to 
2,200  feet.  Recorded  thickness  ranges  from  105  feet  to  the  vanishing 
point.  This  extreme  range  is  probably  due  entirely  to  the  driller’s 
interpretation  of  the  strata  penetrated.  The  map  shows  a 10-foot 
thickness  contour  based  on  the  well-developed  Tiona  sand.  The  area 
within  this  contour  is  probably  underlain  by  10  or  more  feet  of  sand. 
The  Tiona  sand  is  fine  grained  and  brown  where  well  developed. 
Locally  it  is  fine  grained  and  gray.  The  “pay”  ranges  from  4 to  10 
feet  in  thickness  and  commonly  occurs  in  or  near  the  top  of  the  sand. 

A well  one  mile  west  of  Elmo,  drilled  in  1923,  had  a rock  pressure 
of  360  p.s.i.  and  a volume  of  20,000  cubic  feet  daily.  Other  wells  in 
this  field  pi’odueed  initially  from  8,000  to  120,000  and  averaged 
40,000  cubic  feet  daily. 

This  field,  like  the  Monarch  Park,  is  stratigraphically  controlled. 
The  best  production  is  found  along  the  axis  of  best  developed  sand, 
which  is  a line  approximately  N.80°E.  through  a point  midway  be- 
tween Elmo  and  Fern.  As  far  as  could  be  determined  the  general 
area  between  Billings  and  Pitch  Pine  along  this  line  has  never  been 
thoroughly  tested  and  may  be  a favorable  area  in  which  to  prospect 
for  gas  production  in  the  Tiona  sand.  Another,  although  less  favor- 
able area,  is  along  the  same  line  south  and  southwest  of  Kossuth. 
Plate  VIII  shows  wells  located  by  this  survey  which  penetrated  the 
Tiona  sand  but  found  no  production.  Doubtless  there  are  many  more 
which  were  not  located,  for  some  of  which  all  records  have  been  lost. 


Table  10 — Approximate  intervals  between  sands  (top  to  top)  in  the  Oil  City  Quadrangle 
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APPENDIX  A 

United  Natural  Gas  Company  Well  No.  8706  (Well  837,  Plate  II) 

1 mile  N.  E.  of  Barrs  Corner,  Rockland  Twp.,  Venango  Co. 

Description  of  samples  by  Charles  R.  Fettke.  Formation  names 
by  P.  A.  D.  and  L.  S.  M. 

Depth 

feet  Description 

13  Sandstone,  medium  grained,  friable,  light  yellowish  gray  and  considerable 

loose  sand.  Iron-stained. 

20  Sandstone,  medium  to  coarse  grained,  friable,  light  yellowish  gray  and  loose 
angular  quartz  sand.  Iron-stained. 

35  Quartz  sand,  mostly  light  yellowish  brown,  angular,  medium  grained. 

40  Sandstone,  mostly  light  yellowish  brown,  almost  white,  medium  to  coarse 

grained.  Contains  some  muscovite. 

45  Quartz  sand,  mostly  very  light  yellowish  brown,  angular ; some  friable 
sandstone.  Iron-stained. 

50  Quartz  sand,  mostly  very  light  yellowish  brown,  angular.  Some  light  bluish- 
gray  clay  and  micaceous  shale. 

55  Shale,  mostly  greenish  gray,  sandy.  Contains  muscovite  and  minute  fossil 
plant  stems.  Some  fine-grained  sand  derived  from  sandy  shale. 

62  Quartz  sand,  light  yellowish  brown,  medium-grained,  angular.  Some  sandstone. 
Contains  a little  muscovite.  Iron-stained. 

68  Quartz  sand,  cream  colored,  medium  to  coarse,  angular.  Some  muscovite 
present. 

74  Sandstone,  medium-grained,  light  gray,  almost  white,  friable.  Some  loose 

sands.  Sandstone  contains  some  muscovite. 

80  Sandstone,  medium-grained,  light  gray,  almost  white,  friable.  Contains  a 

little  muscovite. 

85  Quartz  sand,  medium-grained,  light  gray,  almost  white,  angular.  Some 

friable  sandstone.  Contains  some  muscovite. 

92  Sandstone,  mostly  medium-grained,  light  gray,  almost  white,  friable.  Con- 
tains a little  muscovite. 

99  Shale,  very  dark  gray,  somewhat  sandy. 

104  Shale,  dark  greenish  gray,  sandy.  Contains  muscovite. 

110  Shale,  dark  greenish  gray,  sandy  and  light  gray,  medium-grained,  friable 

sandstone  containing  some  muscovite. 

115  Quartz  sand,  fine-  to  medium-grained,  light  yellowish  gray,  angular.  Con- 

tains some  muscovite. 

120  Quartz  sand,  medium-grained,  light  gray,  almost  white,  angular.  Some 

friable  sandstone.  A little  muscovite  present. 

125  Quartz  sand,  medium-grained,  light  yellowish  gray  to  cream  colored,  angular. 
Some  friable  sandstone.  Contains  a little  muscovite. 

145  Sandstone,  fine-  to  medium-grained,  light  greenish  gray,  somewhat  argillace- 
ous. Contains  muscovite.  Some  particles  of  deep  brown,  fine-grained  sand- 
stone. Color  due  to  finely  crystalline  siderite  (iron  carbonate)  bond. 

150  Sandstone,  mostly  light  gray,  medium-grained,  friable.  Contains  some 

muscovite.  Considerable  loose  sand. 

155  Shale,  mostly  dark  greenish  gray,  in  part  sandy  and  micaceous.  Latter 

contains  minute  fragments  of  plant  remains.  A little  medium-grained  light 
gray  sandstone  also  present. 

158  Shale,  very  dark  greenish. 

163  Shale,  mostly  dark  greenish  gray,  sandy.  Some  pyrite. 

167  Shale,  mostly  dark  greenish  gray,  sandy.  A little  light  gray,  medium- 

grained,  friable  sandstone. 

172  Shale,  dark  greenish  gray  and  greenish  gray,  fine-grained  sandstone  contain- 
ing some  muscovite. 

177  Shale,  dark  gray,  in  part  sandy,  and  light  greenish  gray,  medium-grained, 
friable  sandstone. 

182  Shale,  mostly  dark  greenish  gray,  sandy.  Some  loose  sand  derived  from 

sandy  shale.  A little  fine-grained,  greenish  gray  sandstone. 

187  Shale,  mostly  dark  greenish  gray.  A little  light  yellowish  brown  friable 

sandstone.  Probably  represents  cavings  from  above. 

192  Sandstone,  fine-grained,  light  greenish  gray.  Calcareous.  A little  dark  gray 
shale. 

197  Sandstone,  fine-grained,  light  greenish  gray.  Calcareous.  A little  greenish 
gray  sandy  shale. 

202  Sandstone,  greenish  gray,  fine-grained,  and  some  black  carbonaceous  shale, 
with  films  of  coal. 

207  Sandstone,  very  fine  grained,  grayish  green  and  loose  angular  quartz  sand. 
Contains  muscovite. 

212  Sandstone,  fine-grained,  greenish  gray  and  loose  quartz  sand.  Some  dark 
greenish  gray  sandy  shale. 

217  Quartz  sand  and  sandstone,  very  light  greenish  gray,  some  almost  white, 

222  fine-  to  medium-grained,  angular.  Contains  muscovite.  A little  dark  gray 

shale  also  present. 

227  Quartz  sand,  light  gray  and  light  greenish  gray,  medium-grained,  angular  and 

232  friable  sandstone.  Some  muscovite.  Calcareous.  Some  dark  gray  shale. 

237  Quartz  sand,  light  gray,  medium-grained,  angular  and  friable  sandstone. 

247  Contains  muscovite.  A very  little  dark  gray  shale  is  also  present.  Calcareous 

242-247. 

252  Shale,  dark  gray,  sandy  and  light  greensh  gray,  fine-grained  sandstone, 

slightly  calcareous. 
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Depth 

feet  Description 

257  Shale,  mostly  dark  gray,  in  part  sandy. 

262  Shale,  dark  gray  and  some  fine-grained,  greenish  gray  sandstone. 

272  Shale,  dark  gray,  in  part  sandy  and  micaceous  and  fine-grained  greenish  gray 

sandstone. 

277  Shale,  dark  gray,  in  part  sandy.  A little  medium-grained  light  greenish 
gray  sandstone. 

287  Shale,  very  dark  greenish  gray,  sandy  and  medium-grained  light  gray,  angu- 
lar quartz  sand  and  sandstone.  A little  pyrite. 

292  Quartz  sand  and  sandstone,  fine-  to  medium-grained,  light  gray,  angular. 

307  Slightly  calcareous.  A little  dark  gray  shale  is  also  present.  Muscovite 

and  pyrite  at  302. 

312  Quartz  sand,  fine-  to-  medium-grained,  light  gray,  angular,  and  a little  sand- 
stone. A little  pyrite. 

317  Quartz  sand  and  sandstone,  fine-  to  medium-grained,  light  gray,  angular. 

Also  greenish  gray,  shaly,  fine-grained  sandstone  containing  abundant 
muscovite  and  pyrite.  A little  dark  greenish  gray  sandy  shale. 

322  Sandstone,  fine-  to  medium-grained,  greenish  gray,  calcareous  and  dark 

greenish  gray  sandy  shale  and  shale. 

327  Sandstone,  medium-grained,  gray,  friable,  somewhat  calcareous ; and  dark 

332  gray  sandy  shale. 

337  Quartz  sand,  fine-grained,  greenish  gray,  angular,  and  sandstone.  Only  very 
slightly  calcareous.  Contains  some  pyrite.  Considerable  dark  greenish  gray 
shale. 

342  Shale,  mostly  greenish  gray.  Some  fine-grained  greenish  gray  sandstone. 

Both  contain  muscovite. 

347  Sandstone,  very  fine  grained,  gray  and  dark  greenish  gray  sandy  shale. 

A little  pyrite. 

352  Sandstone,  mostly  fine-  to  medium-grained,  light  greenish  gray,  slightly 

calcareous.  Contains  pebble  layers  and  well  rounded  quartz  pebbles  up  to 
6 millimeters  in  diameter.  Some  dark  greenish  gray  shale. 

356  Shale,  mostly  dark  greenish  gray,  sandy,  a little  slickensiding.  Some  very  fine 
grained  greenish  gray  sandstone. 

359  Shale,  dark  greenish  gray  sandy,  in  part  sandy  at  374. 

379  Shale,  dark  greenish  gray,  sandy,  and  some  fine-grained,  slightly  calcareous, 

light  gray  sandstone. 

384  Sandstone,  fine-grained,  light  gray,  with  considerable  muscovite  and  greenish 
gray  sandy  shale. 

389  Sandstone,  fine-grained,  slightly  calcareous,  greenish  gray,  and  dark  greenish 
gray  sandy  shale. 

394  Shale,  dark  greenish  gray,  in  part  sandy.  Some  fine-grained  greenish  gray 
400  sandstone.  Contains  muscovite.  Very  slightly  calcareous  at  394. 

406  Shale,  dark  greenish  gray,  sandy. 

412  Shale,  dark  gray  sandy  and  a little  fine-grained  light  gray  sandstone. 

418  Shale,  dark  greenish  gray,  in  part  sandy.  A little  fine-grained  greenish 

gray  sandstone. 

424  Shale,  dark  gray,  sandy. 

430  Shale,  dark  greenish  gray,  sandy,  and  a little  fine-grained  greenish  gray 

sandstone  at  442. 

454  Sandstone,  fine-grained,  greenish  gray.  Containing  some  muscovite.  Some 
dark  gray  shale. 

460  Shale,  dark  gray,  sandy. 

466  Sandstone,  fine-grained,  light  gray,  somewhat  calcareous,  and  dark  gray 
sandy  shale. 

472  Shale;  very  dark  gray,  in  part  sandy. 

490  Shale,  very  dark  greenish  gray,  sandy  at  490. 

Top  of  Corry  Sandstone 

509  Sandstone,  hard,  fine-grained,  light  gray,  somewhat  calcareous,  and  greenish 
521  gray  sandy  shale. 

527  Sandstone,  hard,  fine-grained,  light  gray,  and  dark  greenish  gray  sandy  shale. 

533  Sandstone,  hard,  fine-grained,  greenish  gray,  and  some  dark  gray  sandy 

539  shale. 

Base  of  Corry  Sandstone 

545  Shale,  dark  gray,  and  some  light  greenish  gray,  fine-grained  sandstone. 

551  Shale,  dark  greenish  gray,  sandy.  A little  hard,  fine-grained,  greenish  gray 

sandstone. 

557  Shale,  dark  greenish  gray  sandy.  A little  hard,  very  fine-grained  gray 

sandstone. 

563  Shale,  dark  greenish  gray,  sandy.  A little  fine-grained  greenish  gray 

581  calcareous  sandstone  at  581. 

587  Shale,  dark  greenish  gray  sandy,  and  some  hard,  very  fine-grained  greenish 
599  gray  sandstone. 

605  Sandstone,  dark  grayish  purple,  shaly  and  sandy  shale. 

611  Sandstone,  dark  grayish  purple  shaly  and  sandy  shale.  Some  dark  greenish 
gray  sandy  shale. 

617  Shale,  dark  grayish  purple,  sandy.  Some  greenish  gray  sandy  shale  at  629. 

636  Shale,  dark  purplish  gray,  sandy,  and  greenish  gray,  fine-grained,  somewhat 

calcareous  sandstone  containing  some  muscovite. 

643  Shale,  mixture  dark  purplish  and  greenish  gray,  sandy. 

649  Shale,  mostly  purplish  gray,  sandy. 

655  Shale,  mixture  dark  purplish  and  greenish  gray,  sandy. 

661  Shale,  dark  greenish  gray,  sandy. 

667  Shale,  mostly  dark  greenish  and  purplish  gray,  sandy.  Some  greenish  gray, 
fine-grained  sandstone  containing  considerable  muscovite. 
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Depth 

feet  Description 

673  Shale,  mostly  dark  greenish  gray,  sandy  and  fine-grained  greenish  gray  sand- 
stone. A little  medium-  to  coarse-grained  light  gray  calcareous  sandstone. 

679  Sandstone,  medium-grained  light  greenish  gray,  and  dark  greenish  gray 

sandy  shale. 

685  Shale,  dark  greenish  gray,  sandy.  A little  dark  purplish  gray  sandy  shale. 

691  Shale,  dark  greenish  gray,  sandy.  Contains  minute  pyrite  grains. 

697  Shale,  dark  greenish  and  purplish  gray,  sandy.  Some  fine-grained  greenish 

gray  sandstone. 

703  Shale,  dark  greenish  and  purplish  gray,  sandy. 

Top  of  First  Sand 

709  Sandstone,  medium-grained,  light  greenish  gray,  very  slightly  calcareous, 

moderately  hard.  Occasional  well-rounded  quartz  pebbles  to  2 millimeters. 
Considerable  dark  greenish  gray  sandy  shale. 

715  Sandstone,  medium-grained,  light  greenish  gray,  calcareous,  comparatively 

721  friable.  Contains  some  muscovite  at  721. 

727  Shale,  dark  grenish  gray. 

733  Shale,  very  dark  gray,  in  part  sandy. 

739  Shale,  dark  greenish  gray,  in  part  sandy. 

751  Shale,  dark  greenish  gray,  sandy,  and  fine-  to  medium-grained  greenish  gray 

sandstone. 

758  Shale,  very  dark  greenish  gray.  A very  little  medium  light  greenish  gray 
sandstone.  Occasional  quartz  grains  to  2 millimeters  in  diameter. 

Base  of  First  Sand 

765  Shale,  dark  greenish  gray  above,  and  containing  very  light  greenish  gray 

778  fine-grained,  rather  friable  sandstone,  with  muscovite,  below. 

784  Shale,  very  dark  gray,  and  dark  greenish  gray,  in  part  sandy. 

802  Shale,  very  dark  greenish  gray  and  very  light  greenish  gray,  fine-grained, 
somewhat  calcareous  sandstone. 

808  Sandstone,  mostly  light  greenish  gray,  fine-  to  medium-grained  friable. 
Some  very  dark  gray  shale. 

814  Sandstone,  mostly  greenish  gray,  fine-grained,  friable.  Contains  considerable 
muscovite.  Some  very  dark  gray  shale. 

820  Shale,  very  dark  gray. 

826  Shale,  mostly  dark  purplish,  some  dark  greenish  gray,  sandy. 

832  Shale,  dark  purplish  and  greenish  gray,  sandy. 

Top  of  Second  Sand 

848  Quartz  sand,  brown  angular  coarse  grained  and  dark  brown  friable  sand- 
stone, iron  ox!de  bond.  Rare  quartz  pebbles  to  4 mm.  in  diameter.  Con- 
siderable dark  greenish  gray  sandy  shale  in  sample. 

854  Sandstone,  light  gray,  moderately  hard,  medium-grained,  calcareous.  Occa- 
sional quartz  pebbles  up  to  3 mm.  Sample  contains  considerable  dark 
greenish  gray  sandy  shale. 

858  Quartz  sand,  light  gray,  medium-grained,  angular  and  calcareous  sandstone. 
A very  little  greenish  gray  sandy  shale. 

863  Shale,  mostly  dark  greenish  gray,  sandy.  A little  shale. 

865  Sandstone,  very  light  gray,  medium-grained,  friable,  slightly  calcareous. 

868  Some  loose  sand.  A very  little  dark  greenish  gray  sandy  shale. 

871  Sand,  coarse,  very  light  yellowish  brown,  angular,  very  slightly  calcareous. 
Quartz  pebbles  to  5 mm.  in  diameter. 

874  Sand,  medium  to  coarse,  very  light  yellowish  brown,  angular,  very  slightly 
calcareous.  Quartz  pebbles  to  2 mm.  in  diameter. 

878  Sand,  medium-grained,  light  gray,  angular  and  friable  sandstone.  A few 

quartz  pebbles  up  to  2 mm.  in  diameter.  A little  dark  greenish  gray  sandy 
shale. 

883  Sandstone,  very  light  gray,  fine-  to  medium-grained,  friable,  slightly 

calcareous.  A very  little  dark  greenish  gray  sandy  shale. 

Bose  of  Second  Sand 

889  Shale,  dark  greenish  gray,  in  part  sandy  at  901,  924,  and  936. 

936  Sandstone,  light  greenish  gray,  fine-grained,  friable. 

Boulder  Sand 

942  Sandstone,  light  gray,  fine-grained,  occasionally  quartz  pebbles  up  to  2 mm. 
in  diameter,  dark  gray,  somewhat  sandy  shale. 

948  Shale,  mostly  dark  greenish  gray,  sandy.  A little  fine-grained  light  gray 

sandstone,  slightly  calcareous. 

955  Shale,  dark  greenish  gray,  sandy. 

976  Shale,  very  dark  gray,  in  part  sandy. 

983  Shale,  very  dark  greenish  gray,  in  part  sandy.  A very  little  fine-grained 

995  light  gray  sandstone.  Very  slightly  calcareous.  Occasional  quartz  pebbles 

up  to  2 mm.  in  diameter  at  995. 

Base  of  Gray  Sand 

1001  Shale,  dark  greenish  gray,  in  part  sandy. 

1007  Shale,  dark  greenish  gray. 

1013  Shale,  mostly  dark  greenish  gray.  A little  medium-grained  greenish  gray 
sandstone.  Occasional  quartz  pebbles  up  to  5 mm.  in  diameter. 

Third  Sand 

1020  Shale,  very  dark  greenish  gray,  in  part  sandy. 

1032  Sandstone,  dark  grayish  red,  shaly  and  some  fine-grained  light  greenish 

gray  sandstone. 

1038  Shale,  mostly  dark  grayish  red,  sandy. 

1044  Sandstone,  mostly  dark  brick  red,  and  sandy  shale. 

1050  Shale,  mostly  dark  greenish,  some  dark  reddish  gray,  sandy. 

1056  Shale,  dark  greenish  gray,  sandy.  A little  hard  greenish-gray,  fine-grained 

sandstone. 

1062  Shale,  mostly  dark  greenish  gray,  in  part  sandy.  A little  fine-grained, 


1068 

1074 

1080 

1086 

1092 

1098 

1104 

1110 

1123 

1129 

1135 

1141 

1153 

1159 

1165 

1171 

1194 

1207 

1220 

1232 

1246 

1252 

1263 

1274 

1279 

1285 

1291 

1297 

1303 

1309 

1321 

1361 

1390 

1431 

1437 

1443 

1471 

1477 

1489 

1523 

1530 

1537 

1558 

1571 

1590 

1611 

1625 
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Description 

greenish  gray  slialy  sandstone. 

Shale,  mostly  dark  greenish  gray,  sandy.  A little  fine-grained  light  greenish 
gray  sandstone.  Slightly  calcareous. 

Dark  greenish  gray  sandy  shale.  A little  light  greenish  gray,  fine-grained, 
somewhat  calcareous  sandstone. 

Sandstone,  very  fine-grained,  light  greenish  gray  and  some  dark  greenish 
gray  shale. 

Shale,  very  dark  greenish  gray.  A very  little  greenish  gray,  fine-grained 
sandstone. 

Shale,  dark  greenish  gray,  in  part  sandy.  A little  greenish  gray,  fine- 
grained, somewhat  calcareous  sandstone. 

Shale,  dark  greenish  gray,  in  part  sandy.  A little  greenish  gray  fine-grained 
sandstone. 

Red,  “Pink’'  Rock 

Shale,  mostly  dark  gray,  sandy.  Some  fine-grained  greenish  gray  sandstone. 
A little  dark  reddish  gray  sandy  shale. 

Shale,  dark  reddish  gray,  sandy.  Some  dark  gray  sandy  shale  and  a little 
fine-grained  greenish  gray  sandstone. 

Shale,  mostly  dark  reddish  gray,  sandy.  A little  dark  greenish  gray  sandy 
shale. 

Shale,  mostly  dark  grayish  red,  sandy. 

Shale,  dark  reddish  and  greenish  gray,  sandy.  Some  fine-grained  greenish 
gray,  somewhat  calcareous  sandstone.  Fragment  of  crinoid  stems  in  latter. 
Shale,  mostly  dark  slightly  reddish  gray,  sandy. 

Shale,  mostly  dark  greenish  gray,  sandy.  Some  dark,  slightly  reddish  gray 
sandy  shale. 

Shale,  mostly  dark  greenish  gray,  in  part  sandy.  Some  fine-grained  greenish 
gray  sandstone.  A little  dark,  slightly  reddish  gray  sandy  shale.  A little 
very  fine  greenish  gray  sandstone  at  1X82  and  1188. 

Shale,  very  dark  greenish  gray,  in  part  sandy,  and  slightly  reddish  gray 
sandy  shale. 

Shale,  mostly  dark  greenish  gray,  in  part  sandy.  Some  fine-grained,  greenish 
gray  sandstone. 

Sandstone,  mostly  fine-grained,  greenish  gray,  hard,  somewhat  calcareous. 
Some  dark  greenish  gray  sandy  shale. 

Shale,  mostly  dark  greenish  gray,  in  part  sandy.  A little  fine-grained  greenish 
gray  sandstone. 

Shale,  dark,  slightly  reddish  gray  sandy  and  greenish  gray  hard,  fine-grained 
sandstone.  Slightly  calcareous.  A little  dark  greenish  gray  shale. 

Shale,  dark  greenish  gray,  and  fine-grained,  slightly  calcareous,  greenish 
gray  sandstone. 

Shale,  dark,  slightly  reddish  and  greenish  gray,  sandy. 

Shale,  dark  greenish  gray.  A little  fine-grained  greenish  gray  sandstone. 
Shale,  dark  greenish  gray,  in  part  sandy.  A little  dark,  slightly  reddish 
gray  shale. 

Shale,  mostly  dark  brownish  gray,  sandy. 

Shale,  dark  gray,  sandy,  and  fine-grained  shaly  sandstone. 

Shale,  mostly  dark  greenish  gray,  sandy. 

Shale,  mostly  dark  gray.  A little  greenish  gray,  fine-grained,  somewhat 
calcareous  sandstone. 

Shale,  very  dark  greenish  gray,  in  part  sandy. 

Shale,  dark  greenish  gray,  in  part  sandy,  and  some  fine-grained,  comparatively 
hard,  greenish  gray,  somewhat  calcareous  sandstone.  Includes  some  slightly 
reddish  gray  shale  at  1345  and  1355. 

Shale,  dark  greenish  gray  and  dark  reddish  gray,  sandy.  A little  fine-grained, 
somewhat  calcareous  greenish  gray  sandstone  at  1384. 

Shale,  dark  reddish  gray  and  greenish  gray,  both  in  part  sandy.  Some  hard, 
fine-grained,  greenish  gray  sandstone  at  1408,  1414,  1426. 

Shale,  dark  gray,  in  part  reddish  gray,  and  fine-grained,  very  light  greenish 
gray,  somewhat  calcareous  sandstone. 

Shale,  dark  greenish  gray,  in  part  sandy.  A little  very  dark  reddish  gray 
shale  and  fine-grained  light  greenish  gray  sandstone. 

Bottom  of  Red  “Pink”  Roclc 

Sandstone,  light  greenish  gray,  very  fine-grained,  slightly  calcareous,  and 
some  very  dark  greenish  gray  shale. 

Sandstone,  very  light  gray,  very  fine-grained,  and  very  dark  gray  shale,  in 
part  sandy. 

Sandstone,  very  light  gray,  fine-grained,  slightly  calcareous.  Contains  some 
muscovite.  A little  very  dark  greenish  gray  shale. 

Shale  and  sandy  shale,  dark  greenish  gray. 

Shale,  dark  greenish  gray,  sandy,  and  light  greenish  gray,  fine-grained, 
moderately  hard,  slightly  calcareous  sandstone.  Contains  a little  muscovite. 
Shale  and  sandy  shale,  mostly  dark  greenish  gray.  A little  fine-grained, 
greenish  gray,  hard  sandstone. 

Shale,  dark  greenish  gray  sandy  and  fine-grained  greenish  gray,  in  part 
calcareous  sandstone. 

Shale,  dark  greenish  gray,  in  part  sandy. 

Shale,  dark  greenish  gray,  and  hard,  light  greenish  gray,  fine-grained,  slightly 
calcareous  sandstone. 

Shale,  dark  greenish  gray,  in  part  sandy. 

Shale,  very  dark  greenish  gray  and  some  fine-grained,  greenish  gray  sand- 
stone. 

Shale,  dark  greenish  gray,  in  part  sandy. 
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Depth 

feet  Description 

1667  Sandstone,  very  fine-grained,  light  greenish  gray,  fairly  hard,  slightly  cal- 
careous. Contains  fragments  of  fossil  shells  near  1670.  Some  dark  greenish 
gray  sandy  shale. 

1695  Shale,  mostly  dark  greenish  gray,  sandy.  A little  dark  reddish  gray  sandy 
shale. 

1702  Shale,  mostly  dark  greenish  gray,  sandy.  Some  fine-grained,  light  greenish 
gray  sandstone. 

1708  Sandstone,  dark  greenish  gray,  shaly,  and  sandy  shale. 

1715  Shale,  mostly  dark  greenish  gray,  sandy.  Some  fine-grained  greenish  gray 
sandstone. 

1729  Shale,  dark  greenish  gray,  sandy.  A little  hard,  fine-grained,  greenish  gray 
sandstone  at  1742. 

1778  Shale,  very  dark  greenish  gray.  Occasional  fragment  of  very  fine-grained, 
greenish  gray,  fossiliferous  sandstone.  Crinoid  stems,  etc. 

1785  Sandstone,  light  greenish  gray,  fairly  hard,  fine-grained.  A little  dark 
greenish  gray  shale. 

1791  Shale,  mostly  dark  greenish  gray,  sandy. 

1805  Shale,  mostly  dark  greenish  gray,  sandy.  Some  fine-grained,  light  greenish 

gray,  calcareous  sandstone.  One  fragment  of  fossil  shell. 

1815  Derrick  string  did  not  correspond  with  steel  line  measurement  by  5 feet, 
or  Steel  line  = 1820?  Marked  top  of  Speechley  Sand. 

1820  Shale,  dark  greenish  gray,  sandy.  A little  light  greenish  gray,  very  fine- 
grained sandstone. 

1827  Sandstone,  mostly  medium-grained,  brown,  very  slightly  calcareous,  friable 
and  some  loose  sand.  Occasional  quartz  pebbles  to  2 mm.  in  diameter.  A little 
greenish  gray  shale.  Portions  contain  rather  abundant  muscovite  at  1833-39, 
1856. 

1861  Sandstone,  medium-grained,  brown,  very  slightly  calcareous.  A little  fine- 
grained greenish  gray  sandstone. 

1875  Sandstone,  dark  brown,  fine-  to  medium-grained,  friable,  slightly  calcareous. 

A very  little  dark  greenish  gray  sandy  shale,  probably  caving  from  higher  up. 

1883'  6"  Sandstone,  brown,  medium-grained,  friable,  very  slightly  calcareous,  and 
dark  greenish  gray  sandy  shale  ; also  a little  very  dark  greenish  gray  shale. 

United  Natural  Gas  Company  Well  No.  ^ 797  (Well  S59,  PI.  II.) 

Pinegrove  Township,  Venango  Co. 

Elevation  1539 


Tionesta  Quadrangle 

Sample  description  by  James  H.  DeLong,  Jr. 


Thickness 

Depth 

in  Feet 

Feet 

Top 

Bottom 

17 

Sandstone,  medium  coarse-grained,  yellowish  and 
reddish  brown  

0 

17 

8 

Shale,  black  carbonaceous,  with  thin  coal  films  .... 

17 

25 

8 

Sandstone,  fine-grained,  olive  gray  and  medium 
coarse,  brown  

25 

33 

5 

Coal  and  shale  

33 

38 

6 

Shale,  dark  gray  and  olive  gray  

38 

44 

10 

Coal  and  very  dark  gray  shaly  sandstone  

44 

54 

22 

Sandstone,  mostly  medium  coarse-grained,  light  gray 
and  dark  gray  sandy  shale  

54 

76 

6 

Shale,  dark  gray  

76 

82 

7 

Sandstone,  brown  

82 

89 

21 

Quartz  sand,  fine-  to  medium  coarse-grained,  white, 
angular  and  black  carbonaceous  shale  and  coal.... 

89 

110 

8 

Sandstone,  medium  coarse-grained,  gray  quartz, 
black  carbonaceous  shale,  and  coal  

110 

118 

5 

Shale,  black  carbonaceous  

118 

123 

72 

Quartz  sand,  medium  coarse-grained,  white,  angular 
to  sub-angular,  few  frosted  grains,  and  black  car- 
bonaceous shale  

123 

195 

9 

Sandstone,  fine-grained,  white,  hard  and  limonite.  . 

195 

204 

6 

Sandstone,  medium  coarse-grained,  white,  and  fine- 
grained, light  brown  

204 

210 

30 

Sandstone,  fine-grained,  white,  micaceous  

210 

240 

16 

Sandstone,  coarse-grained,  white  subangular  quartz, 
and  fine-grained  brown  

240 

256 

5 

Sandstone,  fine-grained,  micaceous,  white  

256 

261 

7 

Shale,  dark  gray,  sandy,  and  fine-grained,  light  gray 
micaceous  sandstone  

261 

268 

5 

Sandstone,  fine-grained,  light  gray,  pryritiferous  . . . 

268 

273 

20 

Shale,  dark  gray,  very  fine-grained,  light  gray 
micaceous  sandstone  and  brown  sandstone  

273 

293 

11 

Shale,  dark  gray  micaceous  and  pyritiferous  

293 

304 

4 

Top  Shenango  sandstone 

Sandstone,  fine-grained  white  

304 

308 

32 

Sandstone,  fine-  to  medium  coarse-grained,  hard 
micaceous,  and  dark  gray  sandy  shale 

308 

340 
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Thickness  Depth 

Feet  Top 

13  Sandstone,  medium  coarse-grained,  white  angular 

quartz  and  dark  shale  340 

12  Sandstone,  coarse-grained,  light  gray,  angular, 

quartz  and  fine-grained  brown  353 

27  Sandstone,  dark,  greenish  gray,  micaceous,  fine- 
grained and  dark  gray  shale  365 

6  Same,  with  light  yellowish  brown,  fine-grained 

sandstone  392 

21  Sand  and  black  shale,  medium  coarse-grained, 

angular  to  subangular  quartz  398 

23  Sandstone,  medium  coarse-grained,  white  micaceous, 

with  dark  gray  shale,  and  fine-grained,  yellowish 

brown  sandstone  419 

Bottom  Shenango  sandstone 

10  Shale,  dark  gray,  sandy,  micaceous,  and  fine-grained, 

dark  gray,  hard  sandstone  442 

19  Shale,  dark  gray,  some  sandy  452 

10  Sandstone,  very  fine-grained,  dark  gray  471 

64  Shale,  mostly  very  dark  gray,  sandy  shale  with 

fine-grained  white  and  dark  gray  hard  micaceous 

sandstone  481 

5 Shale,  dark  gray,  and  tan  sandstone  545 

5 Shale,  dark  gray,  some  sandy  shale  550 

27  Shale,  dark  gray,  very  fine-grained,  gray  shaly 

sandstone  555 

6 Sandstone,  very  fine-grained,  tan  582 

5 Shale,  black  sandy  588 

Top  Corry  sandstone 

8 Sandstone,  very  fine,  white,  hard,  and  dark  gray 

sandy  shale  593 

14  Sandstone,  very  fine-grained,  calcareous,  and  little 

dark  gray  shale  601 

32  Sandstone,  very  fine-grained,  dark  gray,  shaly,  dark 
gray  sandy  shale,  and  tan  sandy  shale  to  shaly 

sandstone  615 

18  Shale,  dark  gray  647 

34  Shale,  dark  gray,  very  fine-grained,  hard,  dark  gray 

sandstone,  and  very  fine-grained  tan  sandstone 665 

6 Shale,  dark  gray  micaceous  sandy,  little  reddish 

gray  shale  699 

10  Shale,  mostly  dark  gray,  fine-grained  gray  sandstone, 

and  reddish  gray  shale 705 

20  Shale,  reddish  gray,  micaceous,  sandy,  and  dark 

gray  sandy  715 

17  Same,  with  a little  fine-grained  olive  gray  sand- 
stone   735 

7 Shale,  reddish  gray  752 

9 Shale,  dark  gray  759 

16  Shale,  dark  gray  sandy,  micaceous,  dark  gray  very 

fine-grained  sandstone,  and  reddish  gray  micaceous 
sandy  shale  768 

18  Shale,  dark,  sandy  and  very  fine-grained  white  cal- 
careous and  dark  gray  shaly  sandstone  784 

Top  First  sand 

46  Sandstone,  fine-grained,  light  greenish-gray,  hard, 

micaceous,  shaly,  and  dark  gray  shale  802 

21  Shale,  dark  gray  sandy,  and  calcareous,  fine-grained, 

white  sandstone  848 

12  Sandstone,  fine-grained,  white,  dark  gray  and 

brownish  gray  shale  869 

Top  Bed  Valley  sand 

11  Sandstone,  hard,  very  fine-grained,  dark  gray  shaly, 

some  pebbles  881 

6 Shale,  dark  gray  sandy,  very  fine-grained  gray  shaly 

sandstone  892 

6 Shale,  dark  gray,  few  pebbles  898 

8 Shale,  dark  gray  sandy,  very  fine-grained,  white 

shaly  sandstone  904 

8 Same,  with  reddish  brown  and  greenish  shale  ....  912 

15  Shale,  reddish  brown,  very  fine-grained,  light 

greenish-gray  sandstone,  and  dark  gray  shale 920 

15  Shale,  reddish  brown,  micaceous,  sandy  935 

8 Same,  with  a little  light  greenish  gray,  fine-grained 

sandstone  950 

Horizon  of  Second  sand 

14  Shale,  dark  gray,  very  fine-grained,  light  gray, 

calcareous  sandstone,  some  red  shale  958 

13  Shale,  dark  gray,  sandy,  and  fine-grained,  tan  gray 

sandstone  972 


in  Feet 
Bottom 

353 

365 

392 

398 

419 

442 

452 

471 

481 


545 

550 

555 

582 

588 

593 

601 

615 

647 

665 

699 

705 

715 

735 

752 

759 

768 

784 

802 

848 

869 

881 

892 

898 

904 

912 

920 

935 

950 

958 

972 

985 
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Thickness 

Feet 

4 

5 
30 

6 
5 

15 

23 

9 

10 

2 

13 

26 

9 

8 

8 

17 

12 

17 
39 

8 

9 

15 
12 

10 

18 

7 
23 

10 

14 

16 

25 

9 

18 

8 
32 

8 

7 

15 

65 

17 

16 
5 


Depth 

Top 


Sandstone,  fine-grained,  light  greenish  gray  cal- 
careous and  reddish  brown  shale  985 

Sandstone,  fine-grained,  white,  pyritilerous,  shaly 

and  dark  gray  shale  989 

Shale,  dark  gray  994 

Top  Knox  Third  sand 

Sandstone,  medium  coarse-grained,  tan,  hard,  with 

white  quartz  pebbles  1024 

Quartz  sand,  coarse-grained,  white,  angular,  and 

pebbles  1030 

Sand,  same,  clean  white,  no  pebbles 1035 

Bottom  Knox  Third  sand 

Shale,  dark  gray,  and  very  fine-grained,  hard,  very 

dark  gray  sandstone  1050 

Same,  with  a little  very  fine-grained  white  sandstone  1073 

Shale,  dark  gray  and  fine-grained,  hard,  dark  sand- 
stone, pebbles  1082 

Knox  Fifth  sand 

Pebbles  1092 

Sandstone,  medium  coarse-grained  white  quartz,  and 

dark  shale  1094 

Shale,  mostly  dark  gray,  little  fine-grained,  light 

gray,  hard  sandstone 1107 

Shale,  dark  gray  and  dark  greenish  gray  sandy.  . . . 1133 

Shale,  dark  gray,  chocolate-red,  and  fine-grained 

dark  gray  sandstone  1142 

Shale,  dark  gray  and  tan  gray,  hard,  sandy  shale.  . 1150 

Shale,  dark  gray  1158 

Same,  with  a little  fine-grained,  white,  calcareous 

sandstone  1175 

Shale,  dark  gray,  micaceous,  and  dark  gray  hard 

sandy  1187 

Sandstone,  very  fine-grained,  dark  gray,  micaceous, 

shaly  1204 

Top  of  Pink  Rock 

Shale,  very  slightly  reddish  gray,  sandy  and  dark 

gray  1243 

Shale,  dark  gray  1251 

Shale,  reddish-gray,  micaceous  sandy  and  dark  gray  1260 
Sandstone,  very  fine-grained,  white,  calcareous 

and  reddish  gray,  sandy  shale  1275 

Shale,  reddish  gray  and  very  fine-grained  calcareous 

reddish  gray  sandstone  1287 

Shale,  reddish  gray,  micaceous,  sandy,  and  very 
fine-grained,  olive-gray,  calcareous  sandstone  and 

dark  gray  shale  1297 

Shale,  reddish  gray,  sandy  1315 

Shale,  dark  gray  and  reddish  gray,  and  very  fine- 
grained, dark  gray,  hard,  shaly  sandstone  1322 

Shale,  gray  sandy  and  reddish  gray  micaceous  ....  1345 

Shale,  dark  gray  and  sandy  shale  1355 

Shale,  reddish  gray,  micaceous  and  dark  gray 
shale,  and  very  fine-grained,  micaceous,  dark  gray 

sandstone  1369 

Shale,  dark  gray,  micaceous,  sandy  1385 

Sandstone,  very  fine-grained  gray  and  reddish  gray 

micaceous  shale  1410 

Sandstone,  dark  gray,  very  fine-grained,  hard  shaly, 

micaceous  and  reddish  gray  micaceous  shale  1419 

Same,  with  very  fine-grained,  white  to  light  gray 

sandstone  1437 

Shale,  slightly  reddish  gray,  micaceous  dark  gray 
shale,  and  very  fine-grained,  hard,  dark  gray  sand- 
stone   1445 

Shale,  dark  gray  and  gray  sandy  1477 

Shale,  dark  gray  and  reddish  gray  micaceous  sandy 

shale  1485 

Shale,  chocolate-red  and  dark  gray,  and  very  fine- 
grained, dark  gray  shaly  sandstone  1492 

Shale,  reddish  gray,  sandy  and  dark  gray  1507 

Same,  with  a little  very  fine-grained,  dark  gray, 

hard  sandstone  1572 

fop  of  First  Warren  Sand 

Sandstone,  very  fine,  light  greenish  gray,  shaly, 

calcareous  1589 

Same  with  dark  gray  sandy  shale  1605 


in  Feet 
Bottom 

989 

994 

1024 


1030 

1035 

1050 


1073 

1082 

1092 


1094 

1107 

1133 

1142 

1150 

1158 

1175 

1187 

1204 

1243 


1251 

1260 

1275 

1287 

1297 


1315 

1322 

1345 

1355 

1369 


1385 

1410 

1419 

1437 

1445 


1477 

1485 

1492 

1507 

1572 

1589 


1605 

1610 
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Thickness 

Feet 

9 

Sandstone,  very  fine,  greenish  gray,  shaly  to  sandy 
shale  

Depth  in  Feet 
Top  Bottom 

ifiin  ifiiQ 

47 

Shale,  dark  gray  

1619 

1666 

20 

Horizon  of  top  of  Second  Warren  Sand 

Shale,  dark,  greenish  gray,  sandy,  micaceous  and 

very  fine-grained,  light  gray  sandstone  

1666 

1686 

14 

Sandstone,  fine,  white,  and  dark  gray  shale  

1686 

1700 

6 

Shale,  dark  gray  

1700 

1705 

10 

Sandstone,  very  fine-grained  dark  gray,  hard  shaly 
and  dark  gray  shale  

1705 

1715 

20 

Shale,  dark  gray  and  sandy  

1715 

1735 

29 

Shale,  mostly  dark  gray,  little  fine-grained,  white, 
slightly  calcareous  sandstone  

1735 

1764 

14 

Shale,  dark  gray  

1764 

1778 

7 

Top  of  Queen  (Keverline)  Sand 

Sandstone,  very  fine-grained,  light  gray  and  dark 

gray  shale  

1778 

1785 

12 

Sandstone,  very  fine-grained,  light  greenish  gray, 
calcareous,  shaly  

1785 

1797 

18 

Sandstone,  very  fine-grained,  tan,  shaly  and  gray 
shale  

1797 

1815 

1815 

1823 

8 

Sandstone,  very  fine-grained,  hard,  dark  gray,  shaly 

17 

Sandstone,  very  fine-grained,  white,  shaly  and  dark 
gray  sandy  shale  

1823 

1840 

15 

Shale,  dark  gray  and  sandy  shale  

1840 

1855 

8 

Same,  with  fine-grained  dark  gray  sandstone 

1855 

1863 

30 

Shale,  dark  gray,  very  slightly  brown  

1863 

1893 

9 

Top  of  Clarendon  Stray  Sand 

Sandstone,  very  fine-grained,  hard,  dark  gray,  shaly 

1893 

1902 

6 

Sandstone,  white,  fine-grained  

1902 

1908 

4 

Sandstone,  light,  greenish  gray,  very  fine-grained 
calcareous,  and  dark  gray  shale  

1908 

1912 

7 

Shale,  dark  gray,  micaceous  and  fine-grained,  white 
sandstone  

1912 

1919 

25 

Shale,  dark  gray  and  sandy  shale . 

1919 

1944 

8 

Same,  with  a little  fine-grained,  white,  calcareous 
sandstone  

1944 

1952 

7 

Shale,  dark  gray  

1952 

1959 

37 

Top  of  Speecliley  Sand 

Sandstone,  mostly  fine-grained,  light  brown,  hard 
and  dark  gray  shale 

1959 

1996 

Total  depth  1996. 

United  Natural  Gas  Company  Well  No.  Jfl93  (Well  352,  PI.  II) 

Pinegrove  Township,  Venango  Co. 

Elevation  1607  feet 


Sample  description  by  James  H.  DeLong,  Jr. 


Thickness 

Feet 

375 

9 

No  samples  available  for  study  

Sandstone,  medium  coarse-grained,  light  gray,  con- 
taining muscovite;  the  quartz  grains  are  clear, 
white  and  angular ; some  soft  dark  gray  shale  also 

Depth 

Top 

0 

375 

in  Feet 
Bottom 
375 

384 

6 

Same  sandstone  and  shale,  with  a little  fine-grained 
yellowish  brown  sandstone  

384 

390 

31 

Sandstone,  medium-coarse  to  coarse-grained  white 
slightly  calcareous,  with  dark  gray  and  fine  yellowish 
brown  sandstone  

390 

421 

17 

Sandstone,  mostly  white  and  clear  quartz  with  some 
yellow  grains,  medium-grained.  A little  medium 
coarse-grained,  white  to  light  gray  micaceous  sand- 
stone ; a little  brown,  medium  coarse-grained  sand- 
stone ; and  a little  soft  dark  gray  shale  

421 

438 

8 

Same  sandstone,  but  finer-grained  and  slightly  cal- 
careous   

438 

446 

12 

Sand,  very  fine-grained,  white  and  clear  quartz  . . . 

446 

458 

11 

Same  fine-grained  sand  with  a little  dark  gray  shale 

458 

469 

5 

Same  quartz  sand,  with  some  dark  gray  micaceous 
shale  and  black  shale  

469 

474 

17 

Sandstone,  white  and  gray,  fine-  to  medium-coarse- 
grained, slightly  calcareous ; a little  interbedded  dark 
gray  micaceous  sandy  shale  

474 

491 

6 

Sandstone,  mostly  gray,  medium-coarse-grained,  and 
dark  gray  shale  

491 

497 
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Thickness 

Feet 

Base  of  Shenango  sandstone  (“IfO-Foot”) 

6 Quartz  sand,  white  and  clear,  angular,  and  black 
sandy  shale ; some  brown  sandstone  

8  Sandstone,  very  fine-grained,  very  dark  gray,  shaly, 
micaceous  

5 Same  sandstone  and  some  very  dark  gray  shale  .... 

5 Shale,  very  dark  gray,  sandy  to  shaly  sandstone,  and 

a little  light  gray  to  white,  fine-grained,  calcareous 
sandstone  

14  Sandstone,  very  fine-grained,  dark  gray,  somewhat 

shaly,  micaceous;  a little  brown,  slightly  calcareous, 
brownish  gray  sandstone  and  interbedded  dark  gray 
sandy  shale  

12  Shale,  very  dark  gray,  somewhat  sandy  ; fine-grained, 

gray,  slightly  calcareous  shale;  some  very  calcareous 
white,  very  fine-grained,  sandstone  

6 Shale,  dark  gray,  slightly  sandy  

20  Shale,  dark  gray,  sandy,  and  occasional  beds  of 

very  fine-grained  hard,  very  dark  gray  sandstone. 

15  Sandstone,  very  fine-grained,  dark  gray  shaly  to 

sandy  shale  

14  Sandstone,  very  fine-grained,  gray,  slightly  calcare- 
ous, and  very  dark  gray  shale  

23  Sandstone,  very  fine-grained,  slightly  brownish  gray, 
shaly  with  dark  gray  sandy  shale  

8 Shale,  dark  gray,  and  sandy  shale  

8 Sandstone,  very  fine-grained,  gray,  somewhat  shaly 
and  slightly  calcareous,  and  very  dark  gray  shale 

Top  of  Carry  Sandstone  (“Mountain”  Sand) 

13  Sandstone,  very  fine-grained,  hard,  light  gray, 
slightly  calcareous,  and  a little  very  dark  gray  shale 

10  Shale,  mostly  dark  gray,  and  very  dark,  slightly 
brownish  gray,  sandy  shale,  with  a little  fine- 
grained light  gray  sandstone  

22  Sandstone,  very  fine-grained  light  gray,  slightly 

calcareous  : very  dark  gray  shale  ; also  a little  very 
fine-grained  brown  sandstone  

17  Shale,  dark  gray,  some  dark  gray  sandy,  and  a little 

brownish  gray  

22  Shale,  dark  gray  and  a little  very  fine-grained  light 
gray  sandstone  and  a little  brownish  gray  sandy 
shale  

15  Shale,  dark  gray,  sandy,  with  some  medium  coarse- 

grained, very  calcareous,  white  sandstone  and  some 
brownish  gray  sandy  shale  

9 Shale,  dark  gray  and  some  sandy  

(Top  of  “Pink  Rock”) 

9 Shale,  dark  reddish  gray  and  sandy ; little  dark 

gray  shale  and  fine-grained  light  gray  sandstone  . . 

18  Shale,  dark  reddish  and  dark  gray  

10  Shale,  reddish  gray  and  dark  gray,  with  a little 

very  fine-grained,  hard,  calcareous  light  brownish 
gray  sandstone  

8 Shale,  reddish  gray  and  gray  

9 Shale,  dark  gray  and  a little  fine-grained,  white 

sandstone  

8 Sandstone,  hard,  reddish  gray,  very  fine-grained,  and 

sandy  shale,  some  dark  gray  micaceous  shale 

9 Shale,  hard,  reddish  gray,  sandy,  little  dark  gray 

shale  

4 Shale,  reddish  gray,  sandy,  and  greenish  gray,  very 

fine-grained  calcareous  sandstone  

6 Shale,  dark  gray  sandy  and  a little  fine-grained 

greenish  gray  calcareous  sandstone  

Top  of  First  Sand 

30  Sandstone,  hard,  fine-grained,  light  greenish  gray, 
occasionally  calcareous,  micaceous,  and  a little  inter- 
bedded greenish  gray  sandy  shale  

26  Sandstone,  medium-grained,  dark  greenish  gray, 
hard,  and  dark  greenish  gray  sandy  shale 

9 Shale,  dark  gray  and  sandy  shale  

9 Shale,  dark  gray,  sandy,  and  a little  brown,  very 
fine-grained  hard  sandstone  and  white  calcareous 
sandstone  

11  Sand,  coarse  angular  to  sub-angular  quartz,  pebbly, 

and  a few  fragments  of  very  fine-grained  reddish 
brown,  hard  sandstone,  with  interbedded  very  dark 
gray  sandy  shale  

5 Shale,  mostly  very  dark  gray,  some  sandstone  .... 


Depth 

in  Feet 

Top 

Bottom 

497 

503 

503 

511 

511 

516 

516 

521 

521 

535 

535 

547 

547 

553 

553 

573 

573 

588 

588 

602 

602 

625 

625 

633 

633 

641 

641 

654 

654 

664 

664 

686 

686 

704 

704 

726 

726 

741 

741 

750 

750 

759 

759 

777 

777 

787 

787 

795 

795 

804 

804 

812 

812 

821 

821 

825 

825 

831 

831 

861 

861 

887 

887 

896 

896 

905 

905 

916 

916 

921 
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OIL  CITY  QUADRANGLE 


Thickness 

Feet 

11 

6 

6 

5 

6 

5 
33 

7 

6 

14 

9 

10 

44 

9 

4 

7 

4 

9 

13 

23 

7 

11 

9 

8 

15 
72 
17 

15 


Depth 

Top 

Top  of  Fed  Valley  Sand 


Sandstone,  medium  coarse-grained,  light  greenish 
gray,  and  dark  gray  shale,  and  white  and  yellow 

quartz  pebbles  921 

Sandstone,  light  gray,  fine  to  medium-grained  hard, 

and  dark  gray  sandy  shale  932 

Bottom  of  Red  Valley  Sand 

Shale,  dark  gray  938 

Sandstone,  medium-grained  white  quartz,  with  some 

very  dark  gray  shale  944 

Sandstone,  fine  to  medium  coarse-grained,  light 
greenish  gray,  with  red  shale  and  greenish  gray 
shale,  with  a few  quartz  pebbles  949 

Top  of  “Bip  Red ” 

Shale,  hard  reddish  sandy  and  a little  dark  green 

gray  shale  955 

Shale,  greenish  gray  sandv  and  a little  reddish  sandy 
shale  and  I'ght  greenish  gray,  very  fine-grained 

sandstone,  slightly  calcareous  960 

Shale,  dark  gray  and  sandy  shale  and  a little  reddish 

gray  sandy  shale  993 

Horizon  of  Second  Sand 

Shale,  dark  gray,  and  fine-grained  slightly  greenish 

gray  shaly  sandstone  1000 

Sandstone,  hard,  medium-grained,  white,  slightly 
calcareous,  some  pebbles  and  some  interbedded  dark 

gray  shale  1006 

Shale,  mostly  dark  gray,  somewhat  sandy,  and  some 
fine,  hard,  white,  slightly  shaly,  pyritiferous  sand- 
stone   1020 

Sandstone,  fine-  to  medium-grained,  light  gray  shaly 

and  dark  gray  shale  1029 

Shale,  dark  gray  and  some  dark  gray  sandy  shale  1039 

Top  Knox  Third  Sand 

Sandstone,  medium-coarse-grained,  white,  micaceous  ; 
angular  white,  clear  and  light  brown  quartz  frag- 
ments and  some  dark  gray  shale  1073 

Shale,  mostly  hard,  dark  gray  sandy,  and  some 

medium-coarse-grained  quartz  sand  1082 

Same,  some  pebbles  1086 

Bottom  of  Knox  Third  Sand 

Shale,  mostly  hard,  dark  gray,  little  fine-grained 

white  sandstone  1093 

Shale,  dark  gray  1097 

Top  of  Knox  Fourth  Sand 

Sandstone,  mostly  coarse-grained,  yellowish,  pebbly 
quartz  ; a few  white  and  pink  quartz  grains,  a little 

sandy  shale,  some  pyrite  1106 

Sandstone,  much  finer  and  more  angular  white 
quartz,  pyritiferous  1119 

Bottom  Knox  Fifth  Sand 

Shale,  hard,  dark  gray  sandy  and  a little  greenish 

gray,  very  fine-grained  hard  sandstone  1142 

Sandstone,  fine-grained,  light  greenish  gray,  hard ; 

and  dark  gray  shale  and  sandy  shale  1149 

Shale,  dark  gray  1160 

Sandstone,  fine-grained,  light  greenish  gray  shaly ; 

and  dark  gray  shale  1169 

“Red  Rock’’ 

Shale,  "Red  Rock,"  dark  reddish  gray  and  a little 

dark  gray  . 1177 

Shale,  mostly  dark  gray  and  sandy  shale  with  a little 
interbedded  light  greenish  gray  shaly  sandstone  . . . 1192 

Shale,  mostly  reddish  brown  to  gray,  sandy,  micace- 
ous, with  interbedded  fine-grained  gray  shaly  sand- 
stone and  dark  gray  shale  1264 

Top  of  Fink  Rock 

Shale,  slightly  reddish  brown  and  gray  sandy  mica- 
ceous, some  dark  gray  sandy  shale  1281 


in  Feet 
Bottom 

932 

938 

944 

949 

955 

960 

993 

1000 

1006 

1020 

1029 

1039 

1073 

1082 

1086 

1093 

1097 

1106 

1119 

1142 

1149 

1160 

1169 

1177 

1192 

1264 

1281 

1296 
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Thickness 

Feet 

9 
8 

26 

19 

19 

18 

18 

7 

8 

14 

9 

32 

38 

9 

42 

7 

34 

44 

33 
9 

16 

9 

44 

16 

6 

10 
25 

19 

24 

38 

18 

8 

17 

8 

20 

15 


Depth 

Top 


Same  1296 

Shale,  slightly  reddish  brown  gray  sandy  1305 

Shale,  slightly  reddish  gray  and  a little  very  fine- 
grained greenish  gray  sandstone  1313 

Shale,  slightly  reddish  gray  and  sandy  shale 1339 

Shale,  slightly  reddish  gray  sandy,  hard,  very  fine- 
grained shaly,  dark  gray  sandstone  to  sandy  shale 

and  dark  gray  shale  1358 

Shale,  reddish  gray  sandy,  dark  gray  sandy  shale 
and  shale,  and  a little  light  greenish  gray  very  fine- 
grained shaly  sandstone  1377 

Shale,  very  slightly  reddish  gray  sandy,  micaceous, 

and  dark  gray  sandy  shale  1395 

Shale,  reddish  gray  sandy  micaceous ; very  fine- 
grained slightly  greenish  gray  shaly  sandstone,  and 

some  dark  gray  shale  1413 

Shale,  dark  gray,  slightly  greenish,  sandy,  some- 
what micaceous  1420 

Shale,  hard,  slightly  brownish  gray,  sandy  and 

some  dark  gray  sandy  shale  or  shaly  sandstone  . . 1428 

Shale,  slightly  reddish  gray,  sandy,  micaceous,  and 

dark  gray  micaceous  sandy  shale  1442 

Shale,  mostly  dark  gray  and  some  interbedded 
slightly  reddish  gray  sandy,  micaceous  shale  and 
very  fine-grained  calcareous  light  gray  sandstone  . . 1451 

Shale,  mostly  dark  gray  sandy,  micaceous  shale,  and 
a little  slightly  greenish  gray  shaly  sandstone  and 

calcareous  very  fine-grained  sandstone  1486 

Shale,  mostly  chocolate  red  sandy,  with  some  light 
olive  greenish  gray,  very  fine-grained  shaly  sand- 
stone and  dark  gray  shale  1524 

Shale,  mostly  dark  gray  sandy  and  chocolate  red, 

sandy  shale  1533 

Shale,  chocolate  red  and  reddish  gray  sandy  shale 

with  a little  gray,  very  fine-grained  sandstone  ....  1575 

Shale,  mostly  slightly  reddish  gray,  micaceous  and 

dark  gray  shale,  with  a little  very  fine-grained, 

hard,  dark  gray  sandstone  1583 

Sandstone,  mostly  light  greenish  gray,  shaly  and 
interbedded,  dark  gray  shale  and  reddish  gray  shale. 

First  Warren  Sand  1617 

Shale,  dark  gray  and  a little  hard,  dark  gray  sandy 

shale  1661 

Shale,  mostly  dark  gray,  slightly  greenish  and  a 
little  very  fine-grained  dark  greenish  gray  sand- 
stone   1694 

Top  of  Second  Warren  Sand 

Sandstone,  very  fine-grained  greenish  gray  shaly 

and  dark  gray  shale  1703 

Shale,  hard,  dark  gray  and  some  sandy  shale  ....  1719 

Shale,  dark  gray,  slightly  greenish  and  very  fine- 
grained light  gray,  micaceous,  shaly  sandstone  . . . 1728 

Sandstone,  very  fine-grained,  light  gray,  shaly  and 

dark  gray  shale  1772 

Shale,  dark,  very  slightly  greenish  gray  1788 

Same,  with  a little  greenish  gray,  very  fine-grained 

sandstone  1794 

Shale,  mostly  dark  gray,  slightly  greenish,  and  little 
very  fine-grained,  light,  slightly  greenish  gray, 
slightly  calcareous  sandstone  1804 

Top  of  Queen  Sand  (Keverline  Sand) 

Sandstone,  very  fine-grained  greenish  gray,  shaly, 

and  some  dark  gray  shale  1829 

Sandstone,  mostly  very  fine-grained,  reddish  gray, 

shaly,  micaceous,  and  a little  dark  gray  sandy  shale  1848 

Bottom  of  Queen  Sand 

Shale,  mostly  dark  gray  and  some  sandy  shale  . . . 1872 

Shale,  dark  gray  and  a little  dark  gray,  very  fine- 
grained micaceous  sandstone  1910 

Shale,  mostly  dark  gray,  and  little  fine-grained 

white  shaly  sandstone  „ 1928 

Shale,  dark  greenish  gray  and  a little  dark  greenish 

gray  micaceous  shaly  sandstone  1936 

Shale,  very  dark  greenish  gray  1953 

Shale,  mostly  very  dark  gray,  with  a little  dark 
gray,  hard,  slightly  calcareous,  very  fine-grained 

sandstone  1961 

Shale,  very  dark  greenish  gray  1981 


in  Feet 
Bottom 

1305 

1313 

1339 

1358 

1377 

1395 

1413 

1420 

1428 

1442 

1451 

1486 

1524 

1533 

1575 

1583 

1617 

1661 

1694 

1703 

1719 

1728 

1772 

1788 

1794 

1804 

1829 

1848 

1872 

1910 

1928 

1936 

1953 

1961 

1981 

1996 
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Thickness 

Depth  in  Feet 

Feet 

Top  of  Speechley  Sand 

Top 

Bottom 

6S 

Sandstone,  fine-grained,  light  brown,  micaceous, 
slightly  calcareous  and  dark  greenish  gray  shale  . . 

1996 

2064 

26 

Shale,  mostly  dark  gray,  and  light  brown  fine- 

grained,  micaceous  shaly  sandstone  and  little  very 
fine-grained  white,  slightly  calcareous  sandstone  . . 

2064 

2090 

15 

Sandstone,  mostly  very  fine-grained,  light  brownish 
gray,  and  dark  gray  shale  

2090 

2105 

8 

Shale,  mostly  gray  and  little  very  fine-grained, 
light  gray  sandstone  

2105 

2113 

17 

Sandstone,  mostly  very  fine-grained,  light  gray, 
slightly  greenish,  and  some  dark  gray  shale  

2113 

2130 

APPENDIX  B 

Carl  E.  B.  McKenry,  et  al. 

Stellman  Well,  near  Pittsville,  Rockland  Twp.,  Venango  Co.,  Pa. 

Well  31,(1,  Plate  II 

Description  of  strata  by  Charles  R.  Pettke 


Thickness 

Feet 

4112  No  samples  (Speechley  sand  1843-1948  from  drillers 

log)  

36  Shale,  very  dark  gray,  almost  black  

23  Shale,  dark  gray  

12  Shale,  very  dark  gray,  almost  black  

63  Shale,  dark  gray,  slightly  calcareous  

28  Shale,  very  dark  gray,  in  part  slightly  calcareous 

26  Shale,  very  dark  gray  

6 Shale,  very  dark  gray,  almost  black  

123  No  samples  

12  Shale,  very  dark  gray,  almost  black  

8 Shale,  gray,  with  a little  interbedded  black  shale  . . 

25  Shale,  very  dark  gray,  somewhat  calcareous  

28  Shale,  grayish  black  

Top  of  Tully  limestone  

33  Limestone,  very  fine,  dense,  brownish  gray,  argilla- 
ceous   

14  Shale,  dark  gray,  calcareous,  with  some  inter- 

bedded very  fine,  dense,  brownish  gray,  argillaceous 
limestone  

8 Limestone,  very  fine,  dense,  brownish  gray,  argilla- 
ceous   

Bottom  of  Tully  limestone,  Top  of  Hamilton 

group.  Middle  Devonian  series,  353  feet  

55  Shale,  dark  gray,  very  calcareous  

17  Shale,  gray,  somewhat  calcareous  

23  Shale,  dark  gray,  calcareous 

12  Shale,  gray,  slightly  calcareous  

26  Shale,  dark  gray,  somewhat  calcareous  

32  Shale,  grayish  black,  calcareous  

2 Limestone,  very  fine,  dense,  brownish  gray,  con- 
taining fragments  of  shells  

29  Shale,  grayish  black,  slightly  calcareous  

17  Shale,  grayish  black  

7 Shale,  grayish  black,  somewhat  calcareous 

3 Limestone,  very  fine,  dense,  brownish  gray,  con- 

- taining  fragments  of  shells  . . 

6 Shale,  grayish  black,  calcareous  . ...  . 

Bottom  of  Hamilton  group,  Top  of  Onondaga 
limestone  

2 Limestone,  very  fine,  crystalline,  dark  brownish 

gray  

6 Limestone,  very  fine,  crystalline,  brownish  to  dark 
brownish  gray,  with  considerable  light  brownish 

gray,  dense  chert  

22  Chert,  dense,  light  brownish  gray,  with  some  very 
fine,  dense,  dark  brownish  gray  limestone 

24  Limestone,  very  fine,  dense,  dark  brownish  gray 
with  a great  deal  of  dense,  light  brownish  gray  chert 

24  Chert,  dense,  light  brownish  gray,  with  some  very 
fine,  dense,  dark  brownish  gray  limestone.  A very 
little  glauconite  associated  with  drusy  quartz  4860- 
4862  

15  Limestone,  very  fine,  dense,  dark  brownish  gray, 
with  considerable  dense  light  brownish  gray  chert 


Depth 

In  Feet 

Top 

Bottom 

O' 

4112 

4112 

4148 

4148 

4171 

4171 

4183 

4183 

4246 

4246 

4274 

4274 

4300 

4300 

4306 

4306 

4429 

4429 

4441 

4441 

4449 

4449 

4474 

4474 

4502 

4502 

4502 

4535 

4535 

4549 

4549 

4557 

4557 

4557 

4612 

4612 

4629 

4629 

4652 

4652 

4664 

4664 

4690 

4690 

4722 

4722 

4724 

4724 

4753 

4753 

4770 

4770 

4777 

4777 

4780 

4780 

4786 

4786 

4786 

4788 

4788 

4794 

4794 

4816 

4816 

4840 

4840 

4864 

4864 

4879 
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Thickness 

Feet 

29  Chert,  dense,  light  brownish  gray,  with  some  drusy 
quartz  and  very  fine,  dense,  dark  brownish  gray 

limestone  

2 Limestone,  very  fine,  crystalline,  siliceous,  with 
considerable  chert  and  a few  quartz  grains  

Bottom  of  Onondaga  limestone.  Top  of  Helderberg 

limestone,  Lower  Devonian  series,  135  feet 

5 Limestone,  very  fine,  crystalline,  dark  brownish  gray, 

siliceous,  with  some  dense  chert  

21  Limestone,  very  fine,  crystalline,  dark  to  very  dark 
brownish  gray,  siliceous,  with  some  dense  chert, 

contains  fragments  of  shells  

49  Limestone,  very  fine,  crystalline,  dark  to  very  dark 
brownish  gray,  silty  and  somewhat  magnesian,  with 

some  dense,  brownish  gray  chert  near  top  

28  Limestone,  very  fine,  crystalline,  light  brownish  to 
dark  brownish  gray,  argillaceous,  silty,  dolomitic, 
with  a little  dense,  light  gray  chert  near  bottom  . . . 

32  Limestone,  very  fine,  crystalline,  dark  brownish  gray, 
silty,  siliceous,  with  a little  dense  chert  

Bottom  of  Helderberg  limestone,  Upper  Silurian 

series,  10  •+•  feet  

8 Limestone,  very  fine,  dense,  light  brownish  gray, 

silty,  dolomitic  

2 Limestone,  very  fine,  dense,  light  brownish  gray, 
silty,  dolomitic,  with  considerable  very  fine  crystal- 
line, light  brownish  gray  anhydrite 

Total  depth  

APPENDIX  C 

PALEONTOLOGY 
By  Daniel  A.  Busch 

Tlie  stratigraphic  succession  of  the  standard  Mississippian  section 
was  worked  out  mainly  in  Illinois,  Iowa,  and  Missouri.  The  Missis- 
sippian formations  in  that  region  are  predominantly  limestones  with 
some  shales.  The  formational  units,  as  well  as  their  abundant  fossil 
faunas,  are  distinct. 

The  Mississippian  section  of  northwestern  Pennsylvania  presents  a 
marked  contrast  with  that  of  the  Mississippi  Valley,  not  only  in 
the  lithology,  but  in  the  nature  of  the  faunal  assemblages.  In  north- 
western Pennsylvania  the  Mississippian  contains  practically  no  lime- 
stone, but  is  made  up  predominantly  of  shales  and  sandstones.  The 
faunas  are  poorly  preserved  and  not  nearly  so  abundant  as  in  the 
Mississippi  Valley. 

In  the  present  study  most  collecting  was  restricted  to  the  20-foot 
shale  interval  in  the  upper  portion  of  the  Shenango  formation.  This 
interval  separates  the  medial  or  “B”  sandstone  member  of  the 
Shenango  formation  from  the  “Carl”  or  “C”  sandstone  of  this 
formation,  as  defined  by  Sherrill  in  the  stratigraphic  portion  of  this 
report  (pp.  15-17).  The  shales  of  this  interval  are  bluish-gray  and 
alternate  with  gray  to  green,  thin,  and  irregularly  bedded  slialy 
sandstone.  Two  faunal  zones  occur  within  this  20-foot  interval,  the 
lower  zone  ranging  from  one  to  two  feet  in  thickness,  with  its  base 
two  feet  above  the  “B”  Shenango  sandstone.  This  lower  zone  is  a 


Depth  in  Feet 
Top  Bottom 


4879 

4908 

4910 

4915 

4936 

4985 

5013 

5045 

5053 


4908 

4910 

4910 

4915 

4936 

4985 

5013 

5045 

5045 

5053 

6055 

5055 
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gnarly  to  even-beclded  sandstone  containing  some  concretionary  iron 
ore.  The  upper  faunal  zone  averages  three  inches  in  thickness  and 
ranges  from  one  to  three  feet  below  the  “Carl”  or  “C”  sandstone 
of  the  Shenango  formation.  This  upper  zone  is  generally  overlain 
by  a thin,  concretionary  iron  ore. 

This  faunal  study,  although  admittedly  very  incomplete,  has  a 
three-fold  purpose,  namely : first,  to  learn  what  fossils  are  present  in 
the  Upper  Mississippian  of  the  Oil  City  and  Franklin  quadrangles; 
second,  to  correlate  this  upper  portion  of  the  Mississippian  section 
with  the  standard  section  of  the  upper  Mississippi  Valley;  and  third, 
to  determine  the  possibility  of  establishing  either  index  fossils  or 
faunal  zones  that  will  assist  in  correlating  the  surface  strata  in  this 
region. 

Limited  time  in  the  field  necessitated  the  selection  of  only  the  better 
exposures  for  collecting  sites,  all  of  which  are  in  Venango  County 
except  the  first.  These  exposures  are : 

Smoky  Hill  section,  miles  south  of  Tionesta,  Tionesta  Twp., 
Forest  Co. 

Roadcut  section,  1 mile  NNW.  of  President  (north  side  of 
Allegheny  River),  President  Twp. 

Roadcut  section  along  State  Highway  62,  2%  miles  ESE.  of 
Rockmere,  Cranberry  Twp. 

Roadcut  section,  2 miles  SSE.  of  President,  President  Twp. 

Roadcut  section  along  State  Highway  62,  IV2  miles  SE.  of 
Rockmere,  Cranberry  Twp. 

Roadcut  section  along  State  Highway  62,  IV2  miles  SSE.  of 
Rockmere,  Cranberry  Twp. 

Roadcut  section,  in  southeastern  Oil  City,  Cornplanter  Twp. 

Roadcut  section,  i/9  mile  S.  of  Oil  City,  Sugarcreek  Twp. 

Railroad  cut,  along  East  Sandy  Creek,  1 % miles  ESE.  of 
Emlenton  Spur,  Rockland  Twp. 

Railroad  cut,  along  East  Sandy  Creek,  1 mile  SE.  of  Emlenton 
Spur,  Rockland  Twp. 

Railroad  cut,  at  Emlenton  Spur,  1 mile  ESE.  of  Carl,  Rock- 
land Twp. 

Composite  railroad  and  roadcut  section,  at  Carl,  Rockland  Twp. 

Bully  Hill  roadcut  section,  southern  outskirts  of  Franklin, 
French  Creek  Twp. 

Roadcut  section,  1 *4  miles  NNE.  of  Raymilton,  Mineral  Twp. 

Railroad  cut,  % mile  NE.  of  Raymilton,  Mineral  Twp. 
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The  fossils  occur  mostly  in  thin  layers  of  even-grained,  argillaceous 
sandstone.  They  consist  almost  without  exception  of  internal  and 
external  molds  which  are  seldom  complete.  Casts  of  compact  mud  in 
the  sandstone  are  common,  but  they  readily  disintegrate  when  care- 
lessly handled.  Most  of  the  fossils  in  the  shale  are  small  forms, 
moderately  well-preserved.  The  siderite  concretionary  nodules  con- 
tain some  of  the  best  preservations,  the  fossils  in  the  center  probably 
having  acted  as  the  locus  attracting  the  iron  oxide. 

The  following  faunal  chart  includes  only  the  species  collected  from 
the  20-foot  interval  lying  between  the  “Carl”  and  the  “B”  sand- 
stones of  the  Shenango  formation.  The  stratigraphic  range  of  these 
species  in  the  standard  section  of  the  upper  Mississippi  Valley, 
insofar  as  this  has  been  determined,  is  shown  on  this  chart  by  means 
of  solid  lines.  Dotted  continuations  of  these  lines  indicate  the  probable 
extension  in  stratigraphic  range  of  these  forms  in  northwestern 
Pennsylvania. 

The  folloAving  list  presents  some  rather  striking  contrasts  to 
the  usual  listings  of  fossils  of  similar  age  from  the  Mississippi  Valley. 
Stratigraphic  and  faunal  literature  of  the  Mississippian  abounds  in 
descriptions  and  illustrations  of  blastoids  and  crinoids,  many  of  which 
are  index  fossils  for  the  various  formations  of  the  standard  section. 
The  above  list  includes  no  echinoderms.  Their  absence  is  probably 
due  to  the  turbid  sand-mud  environment  which  attended  the  deposi- 
tion of  these  sediments.  Any  hardy  forms  able  to  withstand  a clastic 
depositional  environment  would  upon  depth  probably  have  their  calyx 
plates  disarticulated  as  a result  of  wave  agitation. 

The  phylum,  Brachiopoda,  is  represented  by  36  species,  whereas  the 
Mollusca  is  represented  by  five  species  of  Pelecypoda  and  one 
Gastropoda.  The  molluscs  are  rare,  each  species  being  represented 
by  one  or  two  individuals  at  the  most.  Further  collecting  will  un- 
doubtedly greatly  expand  this  list. 

The  following  three  species  have  been  previously  recorded  solely 
from  rocks  of  Chester  age;  the  brachiopods,  Allorhynchus  acuti- 
plicatum,  Chonetes  chest erensis,  and  Productus  elegans. 

Twenty-three  species,  or  approximately  50  percent  of  the  entire 
fauna,  occur  in  rocks  of  Meramec  age.  Seven  of  these  species  con- 
tinue on  into  Chester  time  and  three  of  them  antedate  the  Meramec 
for  their  first  appearance.  They  are  the  brachiopods,  Allorhynchus 
macro,  Camarotoechia  grosvenori,  C.  mutata,  Cliothyridina  sublamel- 
losa,  Dictyoclostus  parvus,  D.  scitulus,  Echinoconchus  biseriatus, 
Eumetria  acuticosta,  Lingula  cuyahoga,  L.  halli,  L.  melie,  L.  varso- 
viensis,  Linoproductus  altonensis,  L.  tenuico status,  Orthothetes  kas- 
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Faunal  list  of  the  upper  shale  of  the  Fhenango  formation 


SPECIES 


Brachiopoda 


Iowa  Series 


Chester 


Allorhynehus  acutiplicatum  Weller  

.1.  heteropsis  (Winchell)  

.1.  macra  

Camarotocehia  chouicauensis  Weller  ... 

elegant  ul  a,  Rowley 

C.  grosvcnorl  (Hall)  

C.  inutata  (Hall)  

C.  tufa  (Miller)  

Chonctes  chesterensis  Weller  

C.  ornaius  (?)  Shinn  aril  

CUothyridina  sublamcllosd  (Hall)  

Dictyoclostus  arcuatus  Hall  

I).  mesialis  (Hall)  

D.  parvus  (Meek  and  Worthen)  

I).  seif  Hits  (Meek  and  Worthen)  

Fchinoconchus  biseriatus  (Hall)  

Fumctria  aent icosta  Weller  

Hustcdia  cirrularis  (Miller)  

Lingula  cuyahoga  Hall  

L.  halli  White 

L.  mclic  Hall  

L.  rarsoviensis  (Worthen)  

Linoproilnetus  altonrn.sis  (Norwood  and 

Pratten)  

L.  tenuicostatus  (Hall)  

Orthothctcs  Icaslcaslciensis  McChesney  .. 

<>.  Iceokuk  (Hall)  

Product  us  elegans  Norwood  and  Pratten  . 

/'.  viarginicinctus  Prout  

Pustule,  morhillianus  (Winchell)  

Fell  urhertrlla  lens  (White)  

F.  rubra  Weller  

Fpirifcr  pellacnsis  Weller  

Fpirif crina  subtdxta  White  

Strcptorhynchus  ruginosum  (Hall  and 

Clarke)  

F.  tcnuicostatum  Weller 

Tctracamcra  subcuncata  (Hall)  


Pelecypoda 


Allorisma  costatum  Meek  and  Worthen 

A.  nia.rvillcnsis  Whitfield  

Cloniophora  n.  sp 

JVucula  ventricosa  Hall  

Yoldia  levistriata  Meek  and  Worthen  .. 

Gastropoda 

Bcllerophon  sublacvis  Hall  
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kaskiensis,  Productus  marginicinctus,  Spirifei  pellaensis,  Strepto- 
rhynchus  ruginosum,  and  Tetracamera  subcuneata ; the  pelecypod, 
Yoldia  levistriata ; and  the  gastropod,  Bellerophon  sublaevis.  Lingula 
cuyahoga  and  L.  melie  are  long-ranging  forms  making  their  first 
appearance  in  Kinderhook  time. 

Five  species  were  formerly  known  only  from  the  Osage,  namely, 
the  brachiopods,  Camarotoechia  elegantula,  Dictyoclostus  mesialis, 
Lingula  halli,  Pustula  morbillianus,  and  Schuchertella  rubra. 

Seven  species  were  formerly  known  only  from  the  Kinderhook, 
namely,  the  brachiopods,  Allorhynchus  heteropsis,  Camarotoechia 
chouteauensis,  C.  ornatus  (?) , Dictyoclostus  arcuatus,  Hustedia  cir- 
cularis,  Spiriferina  subtexta,  and  Streptorhynchus  tenuicostatum. 

A.  H.  Sutton’s1  recent  revision  of  the  Mississippian  Productidae 
greatly  restricts  the  use  of  the  generic  designation  of  the  brachiopod, 
Productus,  and  justifies  setting  aside  the  species,  P.  elegans,  as  a true 
index  fossil.  The  genus,  Productus,  has  never  been  found  below  the 
St.  Louis  limestone  and  is  known  to  occur  in  the  St.  Louis,  Ste. 
Genevieve,  and  lower,  middle,  and  upper  Chester  formations. 
P.  elegans  has  been  recorded  only  from  the  Chester. 

Productus  marginicinctus  is  known  solely  from  the  St.  Louis  in  the 
Mississippi  Valley.  Inasmuch  as  this  is  the  lowest  stratigraphic 
position  for  this  species,  its  presence  in  the  upper  portion  of  the 
Mississippian  of  northwestern  Pennsylvania  is  strongly  indicative 
that  these  beds  are  in  part  correlative  with  the  upper  portion  of 
the  Meramee. 

James  M.  Weller2  says  with  respect  to  the  Paint  Creek  fauna  of 
lower  Chester  age  in  Kentucky,  “Chonetes  chesterensis  is  the  most 
important  of  the  brachiopods  as  this  species  is  unknown  in  any  other 
formation  except  the  Glen  Dean  in  which  it  occurs  rarely.” 
C.  chesterensis  may  therefore  also  be  considered  as  a valid  index  fossil 
for  the  Chester. 

All  species  occurring  in  association  with  the  three  forms  just  dis- 
cussed, namely,  Productus  elegans,  P.  marginicinctus,  and  Chonetes 
chesterensis,  are  of  the  same  age  (upper  Meramec-lower  Chester),  but 
by  no  means  are  they  restricted  to  the  Meramec-Chester  interval. 
We  must  then  consider  all  of  those  species  occurring  with  these  three 
forms,  and  formerly  recorded  from  formations  lower  in  the  standard 
Mississippian  section,  as  having  an  extended  stratigraphic  range. 

1 Sutton,  A.  H.,  Taxonomy  of  Mississippian  Productidae:  Jour.  Paleontology,  vol.  12, 
no^  6,  pp.  537-569,  pis.  62-66,  November  193S. 

“Weller,  James  Marvin,  The  Mississippian  fauna  of  Kentucky:  The  paleontology  of 
Kentucky,  A symposium,  p.  261,  1931. 
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Thus,  none  of  these  associated  forms  are  true  index  fossils.  This 
extended  stratigraphic  range  is  indicated  on  the  faunal  list  by  dotted 
continuations  of  the  solid  lines. 

Conclusions. — 

The  earliest  date  that  we  can  assign  to  the  shale  interval  between 
the  “Carl”  and  “B”  sandstones  of  the  Shenango  formation  is 
Spergen  (Salem).  This  conclusion  is  based  on  the  fact  that  17  of 
the  species  found  in  these  beds  make  their  first  appearance  in  the 
upper  Mississippi  Valley  in  middle  and  upper  Meramec  time.  Eight 
of  these  17  species  first  appear  in  Spergen  (Salem)  time,  six  in 
St.  Louis  time,  and  the  remaining  three  in  Ste.  Genevieve  time.  Such 
abrupt  appearances  of  new  forms  usually  attend  new  epochs  of 
geologic  time.  There  is  no  reason  to  suppose  that  they  appeared 
earlier  in  northwestern  Pennsylvania  than  in  the  Mississippi  Valley; 
consequently  we  cannot  reasonably  assign  them  an  age  older  than 
middle  Meramec,  but  as  previously  indicated,  they  may  be  younger. 

The  probable  age  of  these  beds  is  somewhere  between  middle 
Meramec  and  middle  Chester,  with  the  former  more  probable  than 
the  latter.  The  fact  that  11  of  the  17  forms  introduced  during  the 
middle  and  upper  Meramec  died  out  before  Chester  time  indicates 
that  the  beds  are  earlier  than  Chester.  It  must  be  remembered,  how- 
ever, that  two  of  the  fossils  found  are  considered  index  Chester  forms. 
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IIEMPEL  ANALYSES* 

MADE  BY  THE  U.  S.  BUREAU  OF  MINES 

CEUDE  OILS  FROM  THE  VENANGO  GROUP  IN  PENNSYLVANIA 

Sample  41301 

Butler  County,  Washington  Twp.,  Siiira  Field 

Third  Stray  (Siiira)  sand;  1,383-1,395  feet. 

General  characteristics 

Specific  gravity,  0.779  ; A.  P.  I.  gravity,  50.1°  ; Sulfur,  percent,  less  than  0.10  ; 
Saybolt  Universal  viscosity  at  100°F.,  35  see.;  Color,  N.  P.  A.  no.  6. 

Distillation,  Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  743  mm.  First  drop,  30°C.  (86°F.) 


Fraction 

No. 

Cut 

°C. 

at 

°F. 

Percent 

Sum, 

percent 

Specific 

gravity, 

60/60°F. 

° A.P.I. , 
60°  F. 

C.  I. 

S.  U. 
vise. , 
100°  F. 

Cloud 

test, 

°F. 

1 

50 

122 

5.3 

5.3 

0.633 

92.0 

2 

75 

167 

4.4 

9.7 

.660 

82.9 

2.7 

3 

100 

212 

6.5 

16.2 

.700 

70.6 

12 

4 

125 

257 

8.5 

24.7 

.727 

63.1 

16 

5 

150 

302 

7.0 

31.7 

.745 

58.4 

17 

6 

175 

347 

6.1 

37.8 

.760 

54.7 

17 

7 

200 

392 

5.5 

43.3 

.772 

51.8 

16 

8 

225 

437 

4.9 

48.2 

.783 

49.2 

16 

9 

250 

482 

5.2 

53.4 

.794 

46.7 

16 

10 

275 

527 

5.9 

59.3 

.807 

43.8 

17 

Distillation  continued  at  40’  mm. 


11 

200 

392 

3.0 

62.3 

0.825 

40.0 

22 

40 

15 

12 

225 

437 

5.5 

67.8 

.831 

38.8 

21 

45 

35 

13 

250 

482 

4.2 

72.0 

.840 

37.0 

22 

56 

65 

14 

275 

527 

4.6 

76.6 

.850 

35.0 

23 

83 

76 

15 

300 

572 

5.2 

81.8 

.860 

33.0 

25 

140 

90 

Residuum 

14.5 

96.3 

.896 

26.4 

Carbon  residue  of  residuum,  1.9  percent;  carbon  residue  of  crude,  0.3  percent. 


Approximate  summary 


Percent 

Specific 

gravity 

°A.  P.  I. 

Viscosity 

Light  gasoline - - - 

16.2 

0.667 

80.6 

Total  gasoline  and  naphtha  _ 

43.3 

0.718 

65.6 

Kerosene  distillate _ 

16.0 

.795 

46.5 

Gas  oil 

8.0 

.829 

39.2 

Nonviscous  lubricating  distillate  „ _ 

8.4 

.835-.  853 

38.0-34.4 

50-100 

Medium  lubricating  distillate  _ . _ 

6.1 

.853-. 865 

34.4-32.1 

100-200 

Viscous  lubricating  distillate  --  _ 

— 

— 

— 

Above  200 

Residuum 

Distillation  loss 

14.5 

3.7 

.896 

26.4 

* Published  by  permission  of  the  Director,  U.  S.  Bureau  of  Mines. 

Locations  of  wells  where  samples  were  taken  are  identified  on  Figure  10  by  the  last 
or  last  two  digits  of  the  sample  number. 
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Sample  41302 

Butler  County,  Concord  Twp.,  Hoover  Field 
(Northeast  of  West  Sunbury) 

Third  sand  (Glade  or  Hoover)  ; 1,240-1,255  feet 
General  characteristics 

Specific  gravity,  0.795  ; A.  P.  I.  gravity,  46.5°  ; Sulfur,  percent,  less  than  0.10  ; 
Saybolt  Universal  viscosity  at  100°F.,  36  sec.;  Color,  N.  P.  A.  6. 


Distillation,  Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  746  mm.  First  drop,  29°C.  (84°F.) 


Fraction 

No. 

Cut 

“C. 

at 

°F.  Percent 

Sum, 

percent 

Specific 
gravity, 
60/60°F . 

° A.P.I., 
60°  F. 

C.  I. 

S.  U. 
vise. , 
100°  F. 

Cloud 

test, 

°F. 

i 

50 

122 

1.3 

1.3 

0.621 

96.4 

2 

75 

167 

2.4 

3.7 

.660 

82.9 

2.7 

3 

100 

212 

5.2 

8.9 

.699 

70.9 

11 

4 

125 

257 

8.5 

17.4 

.725 

63.7 

15 

5 

150 

302 

7.0 

24.4 

.742 

59.2 

15 

6 

175 

347 

7.0 

31.4 

.758 

55.2 

16 

7 

200 

392 

6.2 

37.6 

.772 

51.8 

16 

8 

225 

437 

6.2 

43.8 

.779 

50.1 

14 

9 

250 

482 

6.1 

49.9 

.793 

46.9 

15 

10 

275 

527 

6.6 

56.5 

.806 

44.1 

17 

Distillation  continued  at  40  mm. 


a 

200 

392 

4.1 

60.6 

0.819 

41.3 

19 

40 

15 

12 

225 

437 

5.5 

66.1 

.829 

39.2 

20 

45 

35 

13 

250 

482 

5.0 

71.1 

.837 

37.6 

20 

53 

55 

14 

275 

527 

6.1 

77.2 

.848 

- 35.4 

22 

75 

75 

15 

300 

572 

4.9 

82.1 

.857 

33.6 

24 

120 

90 

Residuum 

16.9 

99.0 

.892 

27.1 

Carbon  residue  of 

residuum, 

1.4  percent;  carbon 

residue 

of  crude, 

0.2  percent. 

Approximate  summary 


Percent 

Specific 

gravity 

“A.  P.  I. 

Viscosity 

Light  gasoline  

8.9 

0.677 

77.5 

Total  gasoline  and  naphtha  

37.6 

0.731 

62.1 

Kerosene  distillate  

18.9 

.793 

46.9 

Gas  oil  _ 

10.2 

.825 

40.0 

Nonviscous  lubricating  distillate  __  

10.5 

.834— .853 

38.2-34.4 

50-100 

Medium  lubricating  distillate 

4.9 

.853-. 861 

34.4-32.8 

100-200 

Viscous  lubricating  distillate  - 

— 

— 

— 

Above  200 

Residuum __  - 

Distillation  loss . 

16.9 

1.0 

.892 

27.1 

HEMPEL  ANALYSES 


157 


Sample  41303 

Venango  County,  Richland  Twp.,  Lamberton-Nickleville  Field 

Red  Valley  sand 
General  characteristics 

Specific  gravity,  0.794;  A.  P.  I.  gravity,  46.7°  ; Sulfur,  percent,  less  than  0.10; 
Saybolt  Universal  viscosity  at  100°F.,  36  sec.;  Color,  N.  P.  A.  6. 

Distillation,  Bureau  of  Mines  tlcmpel  method 
Distillation  at  atmospheric  pressure,  745  mm  First  drop,  32°C.  (90°F.) 


Fraction 

No. 

Cut 

°c. 

at 

°F.  Percent 

Sum, 

percent 

Specific 
gravity , 
00/60°  F. 

"A.P.I., 

60°  F. 

C.  X. 

S.  U. 
vise. , 
100°  F. 

Cloud 

test, 

°F. 

1 

50 

122 

0.7 

0.7 

0.656 

84.2 

2 

75 

167 

2.5 

3.2 

.663 

81.9 

4.2 

3 

100 

212 

7.3 

10.5 

.700 

70.6 

12 

4 

125 

257 

9.2 

19.7 

.727 

63.1 

16 

5 

150 

302 

8.0 

27.7 

.744 

58.7 

16 

6 

175 

347 

7.6 

35.3 

.759 

54.9 

16 

7 

200 

392 

6.6 

41.9 

.772 

51.8 

16 

8 

225 

437 

6.7 

48.6 

.784 

49.0 

16 

9 

250 

482 

5.5 

54.1 

.796 

46.3 

17 

10 

275 

527 

7.0 

61.1 

.807 

43.8 

17 

Distillation  continued  at  40  mm. 


H 

200 

392 

4.0 

65.1 

0.822 

40.6 

20 

40 

20 

12 

225 

437 

5.2 

70.3 

.830 

39.0 

20 

46 

40 

13 

250 

482 

4.5 

74.8 

.840 

37.0 

22 

55 

60 

14 

275 

527 

3.4 

78.2 

.849 

35.2 

23 

75 

70 

15 

300 

672 

5.0 

83.2 

.857 

33.6 

24 

110 

90 

Residuum 

16.4 

99.6 

.893 

27.0 

Carbon  residue  of  residuum,  1.6  percent;  carbon  residue  of  crude,  0.3  percent. 


Approximate  summary 


Percent 

Specific 

gravity 

“A.  P.  I. 

Viscosity 

Light  gasoline  ... 

10.5 

0.688 

74.2 

Total  gasoline  and  naphtha 

41.9 

0.733 

61.5 

Kerosene  distillate  

19.2 

.796 

46.3 

Gas  oil  . __  ...  _ __ 

8.8 

.827 

39.6 

Nonviscous  lubricating  distillate  

9.6 

.834-. 855 

38.2-34.0 

50-100 

Medium  lubricating  distillate ._ 

3.7 

.855-. 862 

34.0-32.7 

100-200 

Viscous  lubricating  distillate ... 

— 

— 

— 

Above  200 

Residuum 

Distillation  loss  

16.4 

.4 

.893 

27.0 
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Sample  41304 

Venango  County,  Cranberry  Tup.,  Maple  Shade  Field 
Third  Stray  (Gray)  sand 
Gen eral  characteristics 

Specific  gravity,  0.817 ; A.  P.  I.  gravity,  41.7°  ; Sulfur,  percent,  less  than  0.10 ; 
Saybolt  Universal  viscosity  at  100°  F.,  42  sec.;  Color,  dark  green. 


Distillation,  Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  743  mm.  First  drop  90°C.  (194°F.) 


Fraction 

No. 

Cut 

°C. 

at 

°F. 

Percent 

Sum, 

percent 

Specific 

gravity, 

60/60°P. 

° A.P.I., 
60°F. 

C.  I. 

S.  D. 
vise. , 
100°F. 

Cloud 

test, 

°F. 

i 

50 

122 

2 

75 

167 

3 

100 

212 

0.4 

0.4 

0.701 

70.4 

•'  

4 

123 

257 

3.2 

3.6 

.731 

62.1 

18 

5 

150 

302 

8.5 

12.1 

.745 

5S.4 

17 

6 

175 

347 

8.3 

20.4 

.759 

54.9 

16 

7 

200 

392 

6.6 

27.0 

.772 

51.  S 

16 

s 

225 

437 

7.3 

34.3 

.782 

49.5 

15 

9 

250 

482 

7.2 

41.5 

.794 

46.7 

16 

10 

275 

527 

7.7 

49.2 

•80S 

43.6 

18 

Distillation  continued  at  40  mm. 


11 

200 

392 

5.3 

54.5 

0.823 

40.4 

21 

41 

20 

12 

225 

437 

6.6 

61.1 

.831 

38.8 

21 

45 

35 

13 

250 

482 

6.7 

67.8 

• S41 

36.8 

22 

56 

03 

14 

275 

537 

4.5 

72.3 

.849 

35.2 

23 

77 

75 

15 

300 

572 

6.3 

78.6 

.857 

33.6 

24 

115 

90 

Eesiduum 

21.2 

99.8 

.894 

26.8 

Carbon  residue  of  residuum,  1.8  percent;  carbon  residue  of  crude,  0.4  percent. 


Approximate  summary 


Specific 

Percent  gravity  "A.  P.  I.  Viscosity 


Light  gasoline 

0.4 

0.701 

70.4 

Total  gasoline  and  naphtha — 

27.0 

0.754 

56.2 

Kerosene  distillate  

22.2 

.795 

46.5 

Gas  oil  

11.6 

.828 

39.4 

Nonviscous  lubricating  distillate  

12.5 

.836-. 854 

37.8-34.2 

50-100 

Medium  lubricating  distillate  

5.3 

.854-. 862 

34.2-32.7 

100-200 

Viscous  lubricating  distillate 

— 

— 

— 

Above  200 

Eesiduum  

21.2 

.894 

26.8 

Distillation  loss 

.2 
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Sample  41305 

Butler  County,  Allegheny  Twp.,  Byram  Field 
Third  Stray  (Byraml  sand;  1,300-1,315  feet 
General  characteristics 

Specific  gravity,  0.807  ; A.  P.  T.  gravity,  43.8°  ; Sulfur,  percent,  less  than  0.10  ; 
Saybolt  Universal  viscosity  at  100°F.,  39  sec.;  Color,  N.  P.  A.  No.  6. 


Distillation,  Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  741  mm.  First  drop,  40 °C.  (104°F.) 


Fraction 

No. 

Cut 

°C. 

at 
°F . 

Percent 

Sum, 

percent 

Specific 

gravity, 

60/60°P. 

° A.P.I., 

60°F . 

C.  I. 

S.  U. 
vise. , 
100°  F. 

Cloud 
test, 
°F . 

i 

50 

122 

2 

75 

167 

1.5 

1.5 

0.662 

82.2 

— 

3 

100 

212 

3.1 

4.6 

.099 

70.9 

11 

4 

125 

257 

7.0 

11.6 

.726 

63.4 

15 

5 

150 

302 

7.8 

19.4 

.744 

58.7 

16 

6 

175 

347 

7.0 

27.0 

.700 

54.7 

17 

7 

200 

392 

6.3 

33.3 

.773 

51.6 

17 

8 

225 

437 

6.9 

40.2 

• 7S5 

48.8 

17 

9 

250 

482 

6.0 

46.8 

.796 

46.3 

17 

10 

275 

527 

7.0 

53.8 

.809 

43.4 

18 

Distillation  continued  at  40  mm. 


H 

200 

392 

3.9 

57.7 

0.823 

40.4 

21 

40 

20 

12 

225 

437 

6.0 

63.7 

.830 

39.0 

20 

45 

35 

13 

250 

482 

5.7 

69.4 

.840 

37.0 

22 

54 

50 

14 

275 

527 

4.9 

74.3 

.847 

35.6 

22 

74 

70 

15 

300 

572 

5.9 

80.2 

.853 

33.4 

24 

115 

80 

Residuum 

19.6 

99.8 

.892 

27.1 

Carbon  residue  of  residuum,  1.7  percent;  carbon  residue  of  crude,  0.3  percent. 


Approximate  summary 


Percent 

Specific 

gravity 

°A.  P.  I. 

Viscosity 

Light  gasoline __  __ 

4.6 

0.6S7 

74.5 

Total  gasoline  and  naphtha _ _ 

33.3 

0.741 

59.5 

Kerosene  distillate  __  

20.5 

.797 

46.0 

Gas  oil _ _ __  ..  . 

10.2 

.828 

39.4 

Nonviscous  lubricating  distillate  

11.3 

.836-. 854 

37.8-34.2 

50-100 

Medium  lubricating  distillate  - ._  ... 

4.9 

.854-. 864 

34.2-32.3 

100-200 

Viscous  lubricating  distillate 

— 

— 

— 

Above  200 

Residuum  ... 

Distillation  loss _ ..  ... 

19.6 

.2 

.892 

27.1 
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Sample  41306 

Butler  County,  Venango  Twp.,  Cherryvalley  Field 
Second  sand;  1,192-1,225  feet 
General  characteristics 

Specific  gravity,  0.841 ; A.  P.  I.  gravity,  36.8°  ; Sulfur,  percent,  less  than  0.10; 
Saybolt  Universal  viscosity  at  77°F.,  66  sec.;  at  100°F.,  53  sec.;  Color,  green. 


Distillation,  Bureau  of  Mines  Eempel  method 
Distillation  at  atmospheric  pressure,  743  mm.  First  drop,  70°C.  (158°F.) 


Fraction 

No. 

Cut 

“C. 

at 
°P  . 

Percent 

Sum, 

percent 

Specific 
gravity, 
60/60°  F. 

° A.P.I., 

60°  F. 

C.  I. 

S.  U. 
vise. , 
100°F . 

Cloud 

test, 

°F. 

1 

50 

122 

2 

75 

167 

3 

100 

212 

2.3 

2.3 

0.716 

66.1 

— 

4 

125 

257 

4.0 

6.3 

.755 

55.9 

29 

5 

150 

302 

3.5 

9.8 

.790 

47.6 

38 

6 

175 

347 

3.9 

13.7 

.810 

43.2 

41 

7 

200 

392 

4.1 

17.8 

.812 

42.8 

35 

8 

225 

437 

4.5 

22.3 

.814 

42.3 

31 

9 

250 

482 

6.4 

28.7 

.817 

41.7 

27 

10 

275 

527 

8.1 

36.8 

.822 

40.6 

24 

Distillation  continued  at  40  mm. 


11 

200 

392 

4.8 

41.6 

0.832 

38.6 

25 

40 

5 

12 

225 

437 

7.9 

49.5 

.937 

37.6 

24 

46 

25 

13 

250 

482 

7.0 

56.5 

.846 

35.8 

25 

55 

50 

14 

275 

527 

7.3 

63.8 

.850 

35.0 

23 

75 

70 

15 

300 

572 

8.5 

72.3 

.856 

33.8 

23 

110 

85 

Residuum 

27.5 

99.8 

.891 

27.3 

Carbon  residue  of  residuum,  1.5  percent;  carbon  residue  of  crude,  0.4  percent. 


Approximate  summary 


Percent 

Specific 

gravity 

“A.  P.  I. 

Viscosity 

2.3 

0.716 

66.1 

17.8 

0.782 

49.5 

19.0 

.818 

41.5 

12.1 

.836 

37.8 

17.0 

.841-. 854 

36.8-34.2 

60-100 

6.4 

.854-. 859 

34.2-33.2 

100-200 

Viscous  lubricating  distillate 

— 

27.5 

.891 

27.3 

Above  200 

.2 
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Sample  41307 

Butler  County,  Marion  Twp.,  Bullion-Clintonville  Field 
Second  sand  ; 1,150-1,162 
General  characteristics 

Specific  gravity,  0.855;  A.  P.  I.  gravity,  34.0°  ; Sulfur,  percent,  less  than  0.10; 
Saybolt  Universal  viscosity  at  77°F.,  110  sec.;  at  100°F.,  77  sec.;  Color,  dark 
green. 

Distillation,  Bureau  of  Mines  Hempel  method 


Distillation  at  atmospheric  pressure,  743  mm. 

First  drop, 

80°C.  ( 176°F.) 

Fraction 

Cut 

at 

Specific 

S.  U. 

Cloud 

No. 

°C. 

°F . 

Percent 

Sum, 

gravity. 

° A.P.I., 

C.  I. 

vise. , 

test, 

percent 

60/60°  F. 

60°  F. 

100°  F. 

op. 

1 

50 

122 

2 

75 

167 

3 

100 

212 

1.3 

1.3 

0.758 

55.2 

— 

4 

125 

257 

3.0 

4.3 

.778 

50.4 

40 

5 

150 

302 

2.7 

7.0 

.801 

45.2 

43 

6 

175 

347 

2.8 

9.8 

.817 

41.7 

44 

7 

200 

392 

3.0 

12.8 

.825 

40.0 

41 

8 

225 

437 

2.7 

15.5 

.829 

39.2 

38 

9 

250 

482 

4.1 

19.6 

.831 

38.8 

33 

10 

275 

527 

7.5 

27.1 

.833 

38.4 

30 

Distillation  continued 

at  40  mm. 

11 

200 

392 

4.4 

31.5 

0.S39 

37.2 

28 

41 

5 

12 

225 

437 

8.1 

39.6 

.841 

36.8 

26 

46 

25 

13 

250 

482 

8.1 

47.7 

.848 

35.4 

26 

56 

45 

14 

275 

527 

8.1 

55.8 

.853 

34.4 

25 

77 

65 

15 

300 

572 

9.0 

64.8 

.859 

33.2 

25 

120 

80 

Residuum 

35.1 

99.9 

.894 

26.8 

Carbon  residue  of  residuum,  1.9  percent;  carbon  residue  of  crude,  0.7  percent. 


Approximate  summary 


Percent 

Specific 

gravity 

1 

CP 

< 

o 

Viscosity 

1.3 

0.758 

55.2 

Total  gasoline  and  naphtha  

12.8 

0.800 

45.4 

Nonviscous  lubricating  distillate  

26.1 

17.5 

8.4 

.836 

.844-. 856 
.850-. 862 

37.8 

30.2-33.8 

33.8-32.7 

50-100 

100-200 

— 

— 

— 

Above  200 

35.1 

.894 

26.8 

Distillation  loss  - 

.1 
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Sample  41308 

Clabiox  County,  Ashland  Twp.,  Febx  Field 
Unox  Third  sand 
General  characteristics 

Specific  gravity,  0.785 ; A.  P.  I.  gravity.  4S.S°  ; Sulfur,  percent,  less  than  0.10 : 
Saybolt  Universal  viscosity  at  100=F.,  34  sec.;  Color,  green. 


Distillation,  Bureau  of  Mines  Ecmpel  method 
Distillation  at  atmospheric  pressure,  741  mm.  First  drop,  35  °C.  (95  °F.) 


Fraction 

No. 

Cut 

°C. 

at 

CF. 

Percent 

Sum, 

percent 

Specific 

gravity, 

60/60°F. 

° A.P.I., 
60°F. 

C.  I. 

S.  D. 

vise., 

100°P. 

Cloud 
test, 
°F . 

i 

50 

122 

1.4 

1.4 

0.64S 

86.9 

2 

75 

167 

4.0 

5.4 

.661 

82.6 

3.2 

- 

I 

100 

212 

7.S 

13.2 

.699 

70.9 

11 

4 

125 

257 

10.9 

24.1 

.726 

63.4 

15 

] 

- 

5 

150 

302 

S.6 

32.7 

.745 

58.4 

17 

6 

175 

347 

7.8 

40-5 

.760 

54.7 

* 17 

/ 

200 

392 

6.2 

46.7 

.772 

51.8 

'■■16 

s 

225 

437 

5.S 

<52 . 5 

.7S4 

49.0 

16 

9 

250 

4S2 

5.7 

5S.2 

.795 

46.5 

16 

10 

275 

527 

6.9 

65.1 

.809 

43.4 

IS 

•> 

Distillation  continued 

at  40  mm. 

- ' 

— 

- - 

n 

200 

392 

2.7 

67. S 

0.823 

40.4 

21 

41 

20 

12 

225 

437 

4.7 

72.5 

.830 

39.0 

20 

45 

40 

13 

250 

4S2 

4.5 

77.0 

.839 

37.2 

21 

54 

50 

14 

2/o 

527 

4.2 

81.2 

.849 

35.2 

■ 23 

74 

70 

15 

300 

572 

4.4 

S5.6 

.859 

33.2 

4 25 

115 

90 

Besidunm 

13.8 

99.4 

.891 

27.3 

Carbon  residue  residuum,  1.6  percent;  carbon  residue  of  crude,  0.2  percent. 


Approximate  summary 


Percent 

Specific 

gravity 

"A.  P.  I. 

Viscosity 

light  gasoline 

13.2 

0.682 

0.729 

76.0 

62.6 

18.4 

.797 

46.0 

. “7 

7.7 

.828 

' 39.4 

9.1 

•S35-.S56 

3S.0-33.S 

50-100 

3.7 

.856-.S64  - 

33.8-32.3 

100-200 

— 

— 

Above  200 

13.8 

.891  ‘ 

27.3 

- 

Distillation  loss 

.6 
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Sample  41309 

Venango  County,  Cobnplanter  Twp.,  Oil  City  Field 
Second  sand ; 681-702  feet 
General  characteristics 

Specific  gravity,  0.839;  A.  P.  I.  gravity,  37.2°  ; Sulfur,  percent,  less  than  0.10; 
Saybolt  Universal  viscosity  at  100°F.,  50  sec.;  Color,  dark  green. 

Distillation,  Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  743  mm.  First  drop,  63°C.  (145°F.) 


Fraction 

So. 

Cut 

°C. 

at 
°F . 

Percent 

Sum, 

percent 

Specific 
gravity, 
60/60°  F . 

° A.P.I., 
60°  F. 

C.  I. 

S.  U. 
vise. , 
10O°F. 

Cloud 

test, 

°F. 

i 

50 

122 

2 

75 

167 

3 

100 

212 

2.8 

2.8 

0.750 

57.2 

— 

4 

125 

257 

5.8 

8.6 

.770 

52.3 

36 

5 

150 

302 

4.6 

13.2 

.784 

49.0 

35 

6 

175 

347 

4.4 

17.6 

.793 

46.9 

32 

7 

200 

392 

3.8 

21.4 

.806 

44.1 

32 

8 

225 

437 

4.4 

25.8 

.812 

42.8 

30 

9 

250 

482 

4.4 

30.2 

.819 

41.3 

28 

10 

275 

527 

7.6 

37.8 

.825 

40.0 

26 

Distillation  continued  at  40  mm. 


u 

200 

392 

3.9 

41.7 

0.836 

37.8 

27 

40 

10 

12 

225 

437 

7.8 

49.5 

.838 

37.4 

24 

45 

30 

13 

250 

482 

7.2 

56.7 

.845 

36.0 

24 

55 

50 

14 

275 

527 

6.8 

63.5 

.852 

34.6 

24 

74 

65 

15 

300 

572 

7.6 

71.1 

.857 

33.6 

24 

105 

80 

Residuum 

28.2 

99.3 

.892 

27.1 

Carbon  residue  of  residuum,  1.9  percent;  carbon  residue  of  crude,  0.5  percent. 


Approximate  summary 


Percent 

Specific 

gravity 

°A.  P.  I. 

Viscosity 

2.8 

0.750 

57.2 

Total  gasoline  and  naphtha 

21.4 

0.782 

49.5 

16.4 

.820 

41.1 

11.6 

.838 

37.4 

16.3 

.S41-.856 

36.8-33.8 

50-100 

4.9 

.856-. 860 

33.8-33.0 

100-200 

Above  200 

Residuum 

28.2 

■ S92 

27.1 

Distillation  loss 

.7 
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OIL  CITY  QUADKANGLE 


Sample  41310 

Venango  County,  Cranberry  Twp.,  Victory-Bradensburg  Field 
Second  sand : 980-1,005  feet 
General  characteristics 

Specific  gravity,  0.844  ; A.  P.  I.  gravity,  36.2°  ; Sulfur,  percent,  less  than  0.10  ; 
Saybolt  Universal  viscosity  at  77°F.,  74  sec.;  at  100°F.,  57  sec.;  Color,  dark 
green. 

Distillation,  Bureau  of  Mines  Eempel  method 
Distillation  at  atmospheric  pressure,  744  mm.  First  drop,  70°C.  (158°F.) 


Fraction 

2so. 

Cut 

"C. 

at 
°F . 

Percent 

Sum, 

percent 

Specific 
gravity, 
60/60°P . 

° A.P.I., 

60°  F. 

C.  I. 

S.  U. 
vise. , 
100°F. 

Cloud 

test, 

°F. 

i 

50 

122 

2 

75 

167 

3 

100 

212 

2.5 

2.5 

0.756 

55.7 

— 

4 

125 

257 

4.4 

6.9 

.774 

51.3 

3S 

5 

150 

302 

3.6 

10.5 

.795 

46.5 

40 

6 

175 

347 

3.4 

13.9 

.813 

42.6 

42 

7 

200 

392 

2.9 

16.8 

.821 

40.9 

40 

8 

225 

437 

3.2 

20.0 

.822 

40.6 

34 

9 

250 

482 

5.4 

25.4 

.821 

40.9 

29 

10 

275 

527 

8.4 

33.8 

.821 

40.9 

24 

Distillation  continued  at  40  mm. 


ii 

200 

392 

6.1 

39.9 

0.827 

39.6 

23 

40 

15 

12 

225 

437 

8.8 

48.7 

• S32 

38.6 

21 

46 

30 

13 

250 

482 

7.9 

56.6 

.842 

36.6 

23 

56 

60 

14 

275 

527 

6.9 

63.5 

.851 

34.8 

24 

81 

65 

15 

300 

572 

7.8 

71.3 

.862 

32.7 

26 

130 

80 

Kesiduum 

28.0 

99.3 

.896 

26.4 

Carbon  residue  of  residuum,  2.0  percent;  carbon  residue  of  crude,  0.6  percent. 


Approximate  summary 


Specific 
Percent  gravity 


°A.  P.  I.  Viscosity 


0.756 

55.7 

16.8 

0.792 

47.2 

17.0 

.821 

40.9 

13.9 

.831 

38.8 

Nonviseous  lubricating  distillate 

Medium  lubricating  distillate  - 

Viscous  lubricating  distillate 

15.2 

8.4 

28.0 

. 836— . 85d 
.85 5-. 868 

.896 

37.8-34.0 

34.0-31.5 

26.4 

50-100 
100-200 
Above  200 

Distillation  loss 

.7 
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Sample  41311 

Venango  County,  Rockland  Twp.,  Foster  Field 
Second  sand  ; 1,050-1,072  feet 
General  characteristics 

Specific  gravity,  0.843  ; A.  P.  I.  gravity,  36.4°  ; Sulfur,  percent,  less  than  0.10  ; 
Saybolt  Universal  viscosity  at  77°F.,  72  sec.;  at  100°F.,  58  sec.;  Color,  green. 

Distillation,  Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  742  mm.  First  drop,  35°C.  (95°F.) 


Fraction 

No. 

Cut 

°C. 

at 
°P . 

Percent 

Sum, 

percent 

Specific 

gravity, 

60/60°F. 

"A.P.I., 

60°F. 

C.  I. 

s.  u.  . 

vise. , 
100°F. 

Cloud 

test, 

°F. 

1 

50 

122 

2 

75 

167 

1.2 

1.2 

0.681 

76.3 

— 

3 

100 

212 

3.2 

4.4 

.738 

60.2 

30 

4 

125 

257 

4.7 

9.1 

.775 

51.1 

38 

5 

150 

302 

3.3 

12.4 

.798 

45.8 

42 

6 

175 

347 

2.7 

15.1 

.817 

41.7 

44 

7 

200 

392 

2.4 

17.5 

.825 

40.0 

41 

8 

225 

437 

3.1 

20.6 

.827 

39.6 

37 

9 

250 

4«2 

4.5 

25.1 

.828 

39.4 

32 

10 

275 

527 

7.3 

32.4 

.830 

39.0 

28 

Distillation  continued  at  40  mm. 


11 

200 

392 

3.9 

36.3 

0.840 

37.0 

29 

41 

5 

12 

225 

437 

6.5 

42.8 

.841 

36.8 

26 

46 

25 

13 

250 

482 

7.9 

50.7 

.850 

35.0 

27 

58 

50 

14 

275 

527 

6.1 

56.8 

.854 

34.2 

25 

SO 

70 

15 

300 

572 

10.3 

67.1 

.861 

32.8 

26 

120 

90 

Residuum 

30.6 

97.7 

.897 

26.3 

Carbon  residue  of  residuum,  1.8  percent;  carbon  residue  of  crude,  0.6  percent. 


Approximate  summary 


Specific 

Percent  gravity  °A.  P.  I.  Viscosity 

4.4  0.722  64.5 

17.5  0.779  50.1 

24.5  .834  38.2 

15.9  . 844-. 857  36.2-33.6  50-100 

9.2  . 857-. 865  33.6-32.1  100-200 

— — — Above  200 

30.6  .897  26.3 

2.3 

Total  gasoline  and  naphtha  

Kerosene  distillate  „ 

Gas  oil __ - . - 

Nonviscous  lubricating  distillate  

Medium  lubricating  distillate 

Viscous  lubricating  distillate 
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OIL  CITY  QUADRANGLE 


Sample  41312 

Venango  County,  Irwin  Twp.,  Bullion-Clintonville  Field 
Second  sand;  1,200-1,215  feet 
General  characteristics  ■ 

Specific  gravity,  0.859;  A.  P.  I.  gravity,  32.2°  ; Sulfur,  percent,  less  than  0.10; 
Saybolt  Universal  viscosity  at  77°F.,  120  sec.;  at  100°F.,  81  sec.;  Color,  dark 
green. 

Distillation,  Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  744  mm.  First  drop,  75°C.  (167°F.) 


Fraction 

No. 

Cut 

°c. 

at 

°ri. 

Percent 

Sum, 

percent 

Specific 

gravity, 

_00/60°F. 

° A.P.I., 
60°F. 

C.  I. 

S.  U.  Cloud 

vise.,  test, 

100°P. 

1 

50 

122 

2 

75 

1G7 

3 

100 

212 

1.7 

1.7 

0.758 

55.2 

— 

4 

125 

257 

3.0 

4.7 

.779 

50.1 

40 

5 

150 

302 

2.4 

7.1 

.801 

45.2 

43 

e 

175 

347 

3.1 

10.2 

.819 

41.3 

45 

7 

200 

392 

2.5 

12.7 

.829 

39.2 

43 

8 

225 

437 

3.1 

15. S 

.835 

38.0 

41 

9 

250 

482 

4.1 

19.9 

.839 

37.2 

37 

10 

275 

527 

7.1 

27.0 

.841 

36.8 

33 

Distillation  continued  at  40  mm. 


11 

200 

392 

3.7 

30.7 

0.848 

35.4 

33 

42 

Below  5 

12 

225 

437 

7.2 

37.9 

.850 

35.0 

30 

47 

do. 

13 

250 

482 

8.1 

46.0 

.858 

33.4 

30 

60 

25 

14 

275 

527 

7.4 

53.4 

.861 

32.8 

29 

83 

45 

15 

300 

572 

8.9 

62.3 

.866 

31.9 

28 

125 

70 

Residuum 

37.0 

99.3 

.893 

27.0 

Carbon  residue  of  residuum,  1.9  percent;  carbon  residue  of  crude,  0.7  percent. 


Approximate  summary 


Specific 

Percent  gravity  °A.  P.  I.  Viscosity 


1.7 

0.758 

Total  gasoline  and  naphtha 

10.2 

0.793 

46.9 

Gas  oil  __  _ _ _ _ __  

25.9 

.842 

36.6 

Nonviscous  lubricating  distillate  

Medium  lubricating  distillate  ■„ 

Viscous  lubricating  distillate 

16.9 

9.3 

37.0 

.852-. 863 
.863-. 869 

.893 

34.6-32.5 

32.5-31.3 

27.0 

50-100 
100-200 
Above  200 

Distillation  loss 

.7 
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Sample  41313 

Venango  County,  Irwin  Twp.,  Bullion-Clintonvllle  Field 
Second  sand ; 1,050-1,064  feet 
General  characteristics 

Specific  gravity,  0.850 ; A.  P.  I.  gravity,  35.0° ; Sulfur,  percent,  less  than  0.10 ; 
Saybolt  Universal  viscosity  at  77°F.,  85  sec.;  at  100°F.,  63  sec.;  Color,  dark 
green. 

Distillation,  Bureau  of  Mines  Eempel  method 
Distillation  at  atmospheric  pressure,  745  mm.  First  drop,  75°C.  (167°F.) 


Fraction 

No. 

Cut 

°c. 

at 

°F. 

Percent 

Sum, 

percent 

Specific 

gravity, 

60/60°P. 

° A.P.I., 
60°  P. 

C.  I. 

S.  U.  Cloud 

vise.,  test, 

100°P.  °P. 

i 

50 

122 

2 

75 

167 

3 

100 

212 

1.9 

1.9 

0.751 

56.9 

— 

4 

125 

257 

4.3 

6.2 

.774 

51.3 

38 

5 

150 

302 

3.4 

9.0 

.795 

46.5 

40 

6 

175 

347 

3.3 

12.9 

.814 

42.3 

42 

7 

200 

392 

2.8 

15.7 

.821 

40.9 

40 

8 

225 

437 

3.4 

19.1 

.824 

40.2 

35 

9 

250 

482 

4.5 

23.6 

.826 

39.8 

31 

10 

275 

527 

8.0 

31.6 

.828 

39.4 

27 

Distillation  continued  at  40  mm. 


11 

200 

392 

5.2 

36.8 

0.836 

37.8 

27 

42 

10 

12 

225 

437 

7.7 

44.5 

.840 

37.0 

25 

45 

30 

13 

250 

482 

8.5 

53.0 

.845 

36.0 

24 

58 

50 

14 

275 

527 

6.7 

59.7 

.852 

34.6 

24 

77 

65 

15 

300 

572 

8.3 

68.0 

.880 

33.0 

25 

120 

85 

Kesiduum 

31.8 

99.8 

.894 

26.8 

Carbon  residue  of  residuum,  1.7  percent;  carbon  residue  of  crude,  0.5  percent. 


Approximate  summary 


Percent 

Specific 

gravity 

°A.  P.  I. 

Viscosity 

Tight  gasolinp 

1.9 

15.7 
3.4 

24.7 

0.751 

0.793 

.824 

.833 

.842-. 858 

56.9 

46.9 
40.2 
38.4 

36.6-33.4 

Total  gasoline  and  naphtha  

Kerosene  distillate  

Gas  oil 

Nonviseous  lubricating  distillate  _ 

18.3 

50-100 

Medium  lubricating  distillate  _ 

6.9 

.S58-.864 

33.4-32.3 

100-200 

Viscous  lubricating  distillate 

Above  200 

Kesiduum __  __ 

31.8 

.894 

26.8 

Distillation  loss 

.2 
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OIL  CITY  QUADRANGLE 


Sample  41314 

Venango  County,  Irwin  Twp.,  Bitllion-Clintonville  Field 
Third  sand;  1,070-1,086  feet 
General  characteristics 

Specific  gravity,  0.833  ; A.  P.  I.  gravity,  38.4°  ; Sulfur,  percent,  less  than  0.10  ; 
Saybolt  Universal  viscosity  at  100°F.,  49  sec.;  Color,  green. 


Distillation,  Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  746  mm.  First  drop,  64°C.  (147°F.) 


Fraction 

No. 

Cut 

°C. 

at 
°F . 

Percent 

Sum, 

percent 

Specific 

gravity, 

60/60°F. 

° A.P.I., 

60°  F. 

0.  I. 

S.  U. 
vise. , 
100°F. 

Cloud 

test, 

°F. 

1 

50 

122 

2 

75 

167 

3 

100 

212 

2.4 

2.4 

0.703 

69.8 

— 

4 

125 

257 

5.6 

8.0 

.741 

59.5 

22 

5 

150 

302 

5.1 

13.1 

.758 

55.2 

23 

6 

175 

347 

5.3 

18.4 

.776 

60.9 

24 

7 

200 

392 

4.2 

22.6 

.788 

48.1 

24 

8 

225 

437 

4.9 

27.5 

.798 

45.8 

23 

9 

250 

482 

5.5 

33.0 

.808 

43.6 

22 

10 

275 

527 

7.7 

40.7 

.818 

41.5 

23 

Distillation  continued  at  40  mm. 


11 

200 

392 

4.7 

45.4 

0.830 

39.0 

24 

40 

15 

12 

225 

437 

6.2 

51.6 

.837 

37.6 

24 

45 

30 

13 

250 

482 

7.5 

59.1 

.844 

36.2 

24 

59 

50 

14 

275 

527 

5.9 

65.0 

.852 

34.6 

24 

75 

65 

15 

300 

572 

7.4 

72.4 

.861 

38.8 

26 

115 

80 

Residuum 

27.5 

99.9 

.894 

26.8 

Carbon  residue  of  residuum,  1.7  percent;  carbon  residue  of  crude,  0.5  percent. 


Approximate  summary 


Percent 

Specific 

gravity 

“A.  P.  I. 

Viscosity 

Light  gasoline  ..  ..  - 

2.4 

0.703 

69.8 

Total  gasoline  and  naphtha  _ . _ 

22.6 

0.758 

55.2 

Kerosene  distillate  

18.1 

.810 

43.2 

Gas  oil _ _ _ 

10.3 

.833 

38.4 

Nonviscous  lubricating  distillate 

15.5 

.839-. 850 

37.2-35.0 

50-100 

Medium  lubricating  distillate 

5.9 

.850-. 866 

35.0-31.9 

100-200 

Viscous  lubricating  distillate ...  ... 

— 

— 

— 

Above  200 

Residuum  ..  . ... 

Distillation  loss 

27.5 

.1 

.894 

26.8 

Remarks;  Possibly  contaminated  with  Second  Sand  oil  from  same  well. 
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Sample  41315 

Venango  County,  Sugarcreek  Twp.,  Franklin  Heavy  Oil  Field 
First  sand  ; 370-420  feet 
General  characteristics 

Specific  gravity,  0.864  ; A.  P.  I.  gravity,  32.3°  ; Sulfur,  percent,  less  than  0.10; 
Saybolt  Universal  viscosity  at  77°F.,  140  sec.;  at  100°F.,  92  sec.;  Color,  green. 

Distillation,  Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  746  mm.  First  drop,  62°C.  (144°F.) 


Fraction 

No. 

Cut 

°C. 

at 

°F. 

Percent 

Sum, 

percent 

Specific 
gravity,  ° 
60/60°F. 

A.P.I., 

60°  F. 

C.  I. 

S.  U. 
vise. , 
100°  F. 

Cloud 

test, 

°F. 

i 

50 

122 

2 

75 

107 

0.5 

0.5 

0.730 

62.3 

— 

3 

100 

212 

1.3 

1.8 

.760 

54.7 

40 

4 

125 

257 

.7 

2.5 

.779 

50.1 

40 

5 

150 

302 

1.9 

4.4 

.809 

43.4 

47 

6 

175 

347 

3.6 

8.0 

.834 

38.2 

52 

7 

200 

392 

2.8 

10.8 

.841 

36.8 

49 

8 

225 

437 

3.3 

14.1 

.844 

36.2 

45 

9 

250 

482 

4.3 

18.4 

.845 

36.0 

40 

10 

275 

527 

7.0 

25.4 

.847 

35.6 

36 

Distillation  continued 

at  40  mm. 

11 

200 

392 

4.9 

30.3 

0.852 

34.6 

35 

42 

Below  6 

12 

225 

437 

6.8 

37.1 

.856 

33.8 

33 

48 

do. 

13 

250 

482 

7.7 

44.8 

.860 

33.0 

31 

61 

do. 

14 

275 

527 

7.8 

52.6 

.866 

31.9 

31 

89 

15 

15 

300 

572 

8.7 

61.3 

.870 

31.1 

30 

140 

45 

Residuum 

3S.1 

99.4 

.892 

27.1 

Carbon  residue  of 

residuum,  1.8  percent;  carbon  residue 

of  crude, 

0.7  percent. 

Approximate  summary 


Percent 

Specific 

gravity 

P8 

< 

o 

Viscosity 

Light  gasoline  _ 

1.8 

0.752 

56.7 

49.7 

Total  gasoline  and  naphtha __  

4.4 

0.781 

Kerosene  distillate  _ 

Gas  oil _ 

30.5 

.846 

35.8 

33.6- 31.7 

31.7- 30.8 

Nonviscous  lubricating  distillate 

Medium  lubricating  distillate 

15.6 

10.8 

.857-. 867 
.867-. 872 

50-100 
100-200 
Above  200 

Viscous  lubricating  distillate  

Residuum _ . 

38.1 

.892 

27.1 

Distillation  loss . 

.6 
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OIL  CITY  QUADKANULE 


Sample  41316 

Venango  County,  Sandy  Creek  Twp.,  Bully  Hill  Field 
Second  sand;  970-990  feet 
General  characteristics 

Specific  gravity,  0.853  ; A.  P.  I.  gravity,  34.4° ; Sulfur,  percent,  less  than  0.10 ; 
Saybolt  Universal  viscosity  at  77°F.,  105  sec.;  at  100°F.,  72  sec.;  Color,  green. 


Distillation,  Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  740  mm.  First  drop,  90° C.  (194°F.) 


Fraction 

No, 

Cut 

°C. 

at 

Percent 

Sum, 

percent 

Specific 

gravity, 

60/60°F. 

° A.P.I.,  C.  I. 
60°F. 

S.  U. 
vise., 
100°F. 

Cloud 

test, 

°F. 

1 

50 

122 

2 

75 

167 

3 

100 

212 

0.6 

0.6 

0.772 

51.8 

— 

4 

125 

257 

2.3 

2.9 

.777 

50.6 

39 

6 

150 

302 

3.0 

6.9 

.802 

44.9 

44 

6 

175 

347 

2.9 

8.8 

.818 

41.5 

44 

7 

200 

392 

2.8 

11.6 

.825 

40.0 

41 

8 

225 

437 

3.8 

15.4 

.828 

39.4 

37 

9 

250 

482 

4.8 

20.2 

.829 

39.2 

32 

10 

275 

527 

7.9 

28.1 

.831 

38.8 

29 

Distillation  continued  at  40  mm. 


ii 

200 

392 

4.2 

32.3 

0.838 

37.4 

28 

41 

5 

12 

225 

437 

8.1 

40.4 

.840 

37.0 

25 

45 

26 

13 

250 

482 

7.7 

48.1 

.846 

35.8 

25 

65 

45 

14 

275 

527 

8.2 

56.3 

.853 

34.4 

25 

74 

60 

15 

300 

572 

9.6 

65.9 

.859 

33.2 

25 

110 

80 

Residuum 

33.6 

99.5 

.893 

27.0 

Carbon  residue  pf  residuum,  1.8  percent;  carbon  residue  of  crude,  0.6  percent. 


Approximate  summary 


Percent 

Specific 

gravity 

°A.  P.  I. 

Viscosity 

Light  gasoline  

0.6 

0.772 

51.8 

Total  gasoline  and  naphtha 

11.6 

0.805 

44.3 

Kerosene  distillate 

— 

— 

— 

Gas  oil 

28.7 

.834 

38.2 

Nonviscous  lubricating  distillate  

18.4 

.843-. 857 

36.4-33.6 

50-100 

Medium  lubricating  distillate  

7.2 

.857-. 862 

33.6-32.7 

100-200 

Viscous  lubricating  distillate 

— 

— 

— 

Above  200 

Residuum - 

Distillation  loss 

33.6 

.5 

.893 

27.0 
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Sample  41317 

Venango  County,  Cranberry  Twp.,  Victory-Bradensburg  Field 
Second  sand  ; 700-722  feet 
General  characteristics 

Specific  gravity,  0.849  ; A.  P.  I.  gravity,  35.2°  ; Sulfur,  percent,  less  than  0.10  ; 
Saybolt  Universal  viscosity  at  77°F.,  74  sec.;  at  100°F.,  57  sec.;  Color,  green. 


Distillation,  Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  740  mm.  First  drop,  65°C.  (149°F.) 


Fraction 

No. 

Cut 

°C. 

at 
°F . 

Percent 

Sum, 

percent 

Specific 
gravity, 
60/60°F . 

° A.P.I . , 

60°  F. 

C.  I. 

S.  U. 
vise. , 
100°F. 

Cloud 

test, 

°F. 

1 

50 

122 

2 

75 

167 

0.3 

0.3 

0.690 

73.6 

— 

3 

100 

212 

3.5 

3.8 

.753 

56.4 

37 

4 

125 

257 

5.0 

8.8 

.781 

49.7 

41 

5 

150 

302 

4.4 

13.2 

.805 

44.3 

45 

6 

175 

347 

2.7 

15.9 

.820 

41.1 

45 

7 

200 

392 

3.0 

18.9 

.825 

40.0 

41 

8 

225 

437 

3.6 

22.5 

.829 

39.2 

38 

9 

250 

482 

4.5 

27.0 

.832 

38.6 

34 

10 

275 

527 

7.5 

34.5 

.835 

38.0 

31 

Distillation  continued  at  40  mm. 


11 

200 

392 

4.3 

38.8 

0.842 

36.6 

30 

41 

Below  5 

12 

225 

437 

6.6 

45.4 

.846 

35.8 

28 

46 

15 

13 

250 

482 

7.3 

52.7 

.853 

34.4 

28 

56 

35 

14 

275 

527 

6.4 

59.1 

.858 

33.4 

27 

77 

55 

15 

300 

572 

8.3 

67.4 

.861 

32.8 

26 

110 

75 

Residuum 

32.4 

99.8 

.890 

27.5 

Carbon  residue  of  residuum,  1.8  percent;  carbon  residue  of  crude,  0.6  percent. 

Approximate  summary 


Percent 

Specific 

gravity 

°A.  P.  I. 

Viscosity 

3.8 

0.748 

57.7 

Total  gasoline  and  naphtha 

18.9 

0.793 

46.9 

Kerosene  distillate  _ . 

Gas  oil  

Nonviscous  lubricating  distillate 

Medium  lubricating  distillate 

Viscous  lubricating  distillate 

26.1 

16.1 

6.3 

.838 

.849-. 860 
.860-. 863 

37.4 

35.2-33.0 

33.0-32.5 

50-100 
100-200 
Above  200 

Residuum 

32.4 

.890 

27.5 

Distillation  loss 

.2 
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Sample  41318 

Venango  County,  Cornplanter  Twp.,  Petroleum  Center  Field 
Second  sand  ; 332-342  feet 
General  characteristics 

Specific  gravity,  0.847;  A.  P.  I.  gravity,  35.6°  ; Sulfur,  percent,  less  than  0.10; 
Saybolt  Universal  viscosity  at  77°F.,  77  sec.;  at  100°F.,  59  sec.;  Color, 
brownish-green. 

Distillation,  Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  739  mm.  First  drop,  69°C.  (156°F.) 


Fraction 

No. 

Cut 

°C. 

at 
°F . 

Percent 

Sum, 

percent 

Specific 

gravity, 

60/60°P. 

° A.P.I., 

60°F. 

C.  I. 

S.  U.  Cloud 

vise.,  test, 

100°F.  °F. 

i 

50 

122 

2 

75 

167 

3 

100 

212 

1.9 

1.9 

0.733 

60.8 

— 

4 

125 

257 

3.6 

5.5 

.772 

51.8 

37 

5 

150 

302 

4.0 

9.5 

.795 

46.5 

40 

6 

175 

347 

3.4 

12.9 

.814 

42.3 

42 

7 

200 

392 

3.5 

16.4 

.821 

40.9 

40 

8 

225 

437 

3.7 

20.1 

.824 

40.2 

35 

9 

250 

482 

5.3 

25.4 

.828 

39.4 

32 

10 

275 

527 

7.0 

32.4 

.829 

39.8 

28 

Distillation  continued  at  40  mm. 


11 

200 

392 

4.1 

36.5 

0.837 

37.6 

28 

41 

5 

12 

225 

437 

9.6 

46.1 

.839 

37.2 

25 

46 

30 

13 

250 

482 

6.9 

53.0 

.846 

35.8 

25 

56 

45 

14 

275 

527 

6.9 

59.9 

.852 

34.6 

24 

74 

60 

15 

300 

572 

8.3 

68.2 

.858 

33.4 

24 

110 

75 

Residuum 

31.4 

99.6 

.891 

27.3 

Carbon  residue  of  residuum,  1.7  percent;  carbon  residue  of  crude,  0.5  percent. 


Approximate  summary 


Percent 

Specific 

gravity 

°A.  P.  I. 

Viscosity 

1.9 

16.4 

0.738 

60.2 

Total  gasoline  and  naphtha  

0.793 

46.9 

3.7 

.824 

40.2 

Gas  oil  

24.6 

.834 

38.2 

Nonviscous  lubricating  distillate 

15.2 

.842-. 855 

36.6-34.0 

50-100 

8.3 

.855-. 861 

34.0-32.8 

100-200 

Above  200 

Residuum 

31.4 

.891 

27.3 

Distillation  loss 

.4 

HEMPEL  ANALYSES 


173 


Sample  41319 

Venango  County,  Cornplanter  Twp.,  Petroleum  Center  Field 
Third  sand  ; 845-885  feet 
General  characteristics 

Specific  gravity,  0.792;  A.  P.  I.  gravity,  47.2°  ; Sulfur,  percent,  less  than  0.10; 
Saybolt  Universal  viscosity  at  100°F.,  36  sec.;  Color,  dark  green. 

Distillation,  Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  747  mm.  First  drop,  33°C.  (91°F.) 


Fraction 

No. 

Cut 

°C. 

at 
°I1 . 

Percent 

Sum, 

percent 

Specific 

gravity, 

60/60°  F. 

° A.P.I., 

60°  F. 

C.  I. 

S.  U. 
vise. , 
100°F. 

Cloud 
test, 
°F . 

1 

50 

122 

3.4 

8.4 

0.635 

91.3 

2 

75 

167 

4.4 

7.8 

.664 

81.6 

4.6 

3 

100 

212 

7.0 

14.8 

.702 

70.1 

13 

4 

125 

257 

8.5 

23.3 

.730 

62.3 

17 

5 

150 

302 

6.3 

29.6 

.748 

57.7 

18 

6 

175 

347 

5.8 

35.4 

.763 

54.0 

18 

7 

200 

392 

5.5 

40.9 

.774 

51.3 

17 

8 

225 

437 

4.8 

45.7 

.785 

48.8 

17 

9 

250 

482 

5.2 

50.9 

.797 

46.0 

17 

10 

275 

527 

6.7 

57.6 

.811 

43.0 

19 

Distillation  continued  at  40  mm. 


ii 

200 

392 

2.2 

59.8 

0.828 

39.4 

23 

40 

15 

12 

225 

437 

6.0 

65.8 

.834 

38.2 

22 

46 

35 

13 

250 

482 

5.7 

71.5 

.842 

36.6 

23 

56 

55 

14 

275 

527 

5.0 

76.5 

.851 

34.8 

24 

77 

70 

15 

300 

572 

4.9 

81.4 

■ S60 

33.0 

25 

120 

85 

Residuum 

18.2 

99.6 

.895 

26.6 

Carbon  residue  of  residuum,  1.5  percent;  carbon  residue  of  crude,  0.3  percent. 


Approximate  summary 


Percent 

Specific 

gravity 

°A.  P.  I. 

Viscosity 

Light  gasoline 

14.8 

0.675 

78.1 

Total  gasoline  and  naphtha 

40.9 

0.724 

63.9 

Kerosene  distillate  

16.7 

.799 

45.6 

Gas  oil  _ - 

7.6 

.831 

38.8 

Nonviscous  lubricating  distillate 

11.5 

.837-. 857 

37.6-33.6 

50-100 

Medium  lubricating  distillate  

4.7 

.857-. 865 

33.6-32.1 

100-200 

Viscous  lubricating  distillate _ _ 

— 

— 

— 

Above  200 

Residuum 

Distillation  loss 

18.2 

.4 

.895 

26.6 
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Sample  41320 

Venango  County,  Allegheny  Twp.,  Asbury  Chapel  Field 
First  sand ; 500-530  feet 
General  characteristics 

Specific  gravity,  0.810  ; A.  P.  I.  gravity,  43.2°  ; Sulfur,  percent,  less  than  0.10 ; 
Saybolt  Universal  viscosity  at  100 °F.,  40  sec.;  Color,  N.  P.  A.  6. 


Distillation,  Bureau  of  Mines  Hempel  method 


Distillation  at  atmospheric  pressure, 

743  mm. 

First  drop, 

32°C.  (90°F.) 

Fraction 

Cut 

at 

Specific 

S.  U.  Cloud 

No. 

°C. 

°F. 

Percent 

Sum, 

gravity,  ° 

A.P.I., 

C.  I. 

vise.,  test, 

percent 

60/60°F. 

60°  F. 

100°F.  °F. 

1 

50 

122 

0.7 

0.7 

0.663 

81.9 

2 

75 

167 

1.4 

2.1 

.064 

81.6 

4.6 

3 

100 

212 

3.2 

5.3 

.705 

69.2 

14 

4 

125 

257 

7.1 

12.4 

.729 

62.6 

17 

5 

150 

302 

6.6 

19.0 

.747 

57.9 

18 

6 

175 

347 

7.2 

26.2 

.762 

54.2 

18 

7 

200 

392 

6.2 

32.4 

.774 

51.3 

17 

8 

225 

437 

5.8 

38.2 

.785 

48.8 

17 

9 

250 

482 

5.9 

44.1 

.797 

46.0 

17 

10 

275 

527 

7.5 

51.6 

.810 

43.2 

19 

Distillation  continued  at  40  mm. 


11 

200 

392 

4.3 

55.9 

0.823 

40.4 

21 

41 

20 

12 

225 

437 

5.7 

61.6 

.830 

39.0 

20 

45 

40 

13 

250 

. 482 

6.6 

68.2 

.841 

36.8 

22 

55 

55 

14 

275 

: 527 

5.9 

74.1 

.852 

34.6 

24 

80 

70 

15 

300 

572 

5.6 

79.7 

.859 

33.2 

25 

125 

85 

Residuum 

20.2 

99.8 

.893 

27.0 

Carbon  residue  of  residuum,  1.6  percent;  carbon  residue  of  crude,  0.3  percent. 


Approximate  summary 


Percent 

Specific 

gravity 

°A.  P.  I. 

Viscosity 

Light  gasoline  

5.3 

0.689 

73.9 

Total  gasoline  and  naphtha  _ 

32.4 

0.742 

59.2 

Kerosene  distillate  

19.2 

.798 

45.8 

'■***•'• 

Gas  oil - _ _ 

10.3 

.828 

39.4 

Nonviscous  lubricating  distillate ..  _ _ 

11.9 

.836-.  855 

37.8-34.0 

50-100 

Medium  lubricating  distillate  ___  _ _ 

5.9 

.855-. 862 

34.0-i32.7 

100-200 

Viscous  lubricating  distillate 

— 

— 

— ' 

Above  200 

Residuum _ . 

Distillation  loss 

20.2 

.1 

.893 

27.0 

- ■ - fl r 
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Sample  41321 

Warren  County,  Triumph  Twp.,  Triumph  Field 
Lytle  sand ; 000-620  feet 
General  characteristics 

Specific  gravity,  0.787  ; A.  P.  I.  gravity,  48.3°  ; Sulfur,  percent,  less  than.  0.10  ; 
Saybolt  Universal  viscosity  at  100°F.,  35  sec.;  Color,  brownish-green. 


Distillation,  Bureau  of  Mines  Hempel  method 


Distillation  at 

atmospheric  pressure, 

741  mm.  First 

dropr 

29°C. 

(84°F.) 

Fraction 

Cut 

at 

Specific 

S.  U. 

Cloud 

No. 

°C. 

°F. 

Percent 

Sum, 

gravity. 

° A.P  .1 . , C 

I. 

vise. , 

test. 

percent 

60/60°  F. 

60°  F. 

100°F. 

°F. 

1 

50 

122 

3.8 

3.8 

0.629 

93.5 

2 

75 

107 

3.8 

7.6 

.660 

82.9 

2.7 

3 

100 

212 

6.5 

14.1 

.701 

70.4 

12 

4 

125 

257 

8.7 

22.8 

.729 

62.6 

17 

6 

150 

302 

7.2 

30.0 

.747 

57.9 

18 

6 

175 

347 

6.7 

36.7 

.762 

54.2 

18 

7 

200 

392 

6.8 

42.5 

.774 

51.3 

17 

8 

225 

437 

5.5 

48.0 

.785 

48.8 

17 

9 

250 

482 

5.4 

53.4 

.796 

40.3 

17 

10 

275 

527 

6.4 

59.8 

.803 

43.6 

18 

Distillation  continued 

at  40  mm. 

li 

200 

392 

4.0 

63.8 

0.823 

40.4 

21 

40 

20 

12 

225 

437 

5.0 

68.8 

.830 

39.0 

20 

45 

35 

13 

250 

482 

4.3 

73.1 

.841 

36.8 

22 

54 

55 

14 

275 

527 

4.6 

77.7 

.850 

35.0 

23 

74 

70 

15 

300 

572 

5.1 

82.8 

.857 

33.6 

24 

115 

85 

Residuum 

15.7 

98.5 

.892 

27.1 

Carbon  residue  of  residuum,  1.6  percent;  carbon  residue  of  crude,  0.3  percent. 

^ Approximate  summary 


Percent 

Specific 

gravity 

° A.  P.  I. 

Viscosity 

Light  gasoline  

14.1 

0.671 

79.4 

Total  gasoline  and  naphtha 

42.5 

0.724 

63.9 

Kerosene  distillate  

17.3 

.797 

46.0 

Gas  oil 

9.1 

.828 

39.4 

Nonviscous  lubricating  listillate  . 

9.6 

.836-. 854 

37.8-34.2 

50-100 

Medium  lubricating  distillate  

4.3 

.854-. 861 

34.2-32.8 

100-200 

Viscous  lubricating  distillate 







Above  200 

Residuum  

Distillation  loss 

15.7 

1.5 

.892 

27.1 
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Sample  41322 

Warren  County,  Triumph  Twp.,  Fagundus  Field 

Third  Stray  sand ; 652-725  feet 

Specific  gravity,  0.796 ; A.  P.  I.  gravity,  46.3°  ; Sulfur,  percent,  less  than  0.10 ; 
Saybolt  Universal  viscosity  at  100°F.,  36  sec.;  Color,  dark  green. 


Distillation,  Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  742  mm.  First  drop,  31°C.  (88°F.) 


Fraction 

Cut 

at 

Specific 

S.  U. 

Cloud 

No. 

°C. 

°E. 

Percent 

Sum, 

gravity,  0 

A.P.I., 

C.  I. 

vise. , 

test. 

percent 

60/60°F. 

60°  F. 

100°F. 

°F. 

1 

50 

122 

1.8 

1.8 

0.636 

91.0 

2 

75 

167 

3.2 

5.0 

.661 

83.6 

3.2 

3 

100 

212 

6.5 

11.5 

.703 

69.8 

13 

4 

125 

257 

9.6 

21.1 

.728 

63.9 

16 

5 

150 

302 

7.8 

28.9 

.747 

57.9 

18 

6 

175 

347 

7.2 

36.1 

.763 

54.0 

18 

7 

200 

392 

5.9 

42.0 

.774 

51.3 

17 

8 

225 

437 

5.4 

47.4 

.785 

48.8 

17 

9 

250 

482 

5.4 

52.8 

.798 

45.8 

18 

10 

275 

527 

5.9 

58.7 

.810 

43.2 

19 

Distillation  continued 

at  40  mm. 

li 

200 

392 

3.6 

62.3 

0.825 

40.0 

22 

41 

20 

12 

225 

437 

4.9 

67.2 

.831 

38.8 

21 

44 

35 

13 

250 

482 

4.8 

72.0 

.840 

37.0 

22 

54 

50 

14 

275 

527 

4.4 

76.4 

.852 

34.6 

24 

74 

70 

15 

300 

572 

4.9 

81.3 

.860 

33.0 

25 

115 

85 

Residuum 

18.1 

99.4 

.896 

26.4 

Carbon  residue  of 

residuum,  2.0  percent;  carbon  residue 

of  crude, 

0.4  percent. 

Approximate  summary 


Percent 

Specific 

gravity 

"A.  P.  I. 

Viscosity 

11.5 

0.681 

76.3 

Total  gasoline  and  naphtha 

42.0 

0.731 

62.1 

16.7 

.798 

45.8 

9.0 

.829 

39.2 

9.4 

.836-. 857 

37.8-33.6 

50-100 

4.2 

.857-. 864 

33.8-32.3 

100-200 



— 

Above  200 

18.1 

.896 

26.4 

.6 
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Sample  41323 

Warren  County,  Triumph  Twp.,  Triumph  Streak  Field 
Third  Stray  sand;  553-702  feet 
General  characteristics 

Specific  gravity,  0.811  ; A.  P.  I.  gravity,  43.0°  ; Sulfur,  percent,  less  than  0.10; 
Saybolt  Universal  viscosity  at  100°F.,  39  sec.;  Color,  green. 

Distillation,  Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  742  mm.  First  drop,  56°C.  (135°F.) 


Fraction 

No. 

Cut 

°c. 

at 

°F.  Percent 

Sum, 

percent 

Specific 
gravity,  ° 
60/60°F. 

A.P.I., 

60°  F. 

C.  I. 

S.  U. 
vise. , 
100°  F. 

Cloud 
test, 
°F . 

1 

50 

122 

2 

75 

167 

0.9 

0.9 

0.663 

81.9 

— 

3 

100 

212 

4.5 

5.4 

.707 

68.6 

15 

4 

125 

257 

8.5 

13.9 

.730 

62.3 

17 

5 

150 

302 

6.6 

20.5 

.747 

57.9 

18 

6 

175 

347 

7.3 

27.8 

.762 

54.2 

18 

7 

200 

392 

6.4 

34.2 

.775 

51.1 

18 

8 

225 

437 

5.9 

40.1 

.786 

48.5 

17 

9 

250 

482 

6.1 

46.2 

.798 

45.8 

18 

10 

275 

527 

7.3 

53.5 

.810 

43.2 

19 

Distillation  continued  at  40  mm. 


H 

200 

392 

3.2 

56.7 

0.826 

39.8 

22 

40 

20 

12 

225 

437 

5.6 

62.3 

.832 

38.6 

21 

45 

35 

13 

250 

482 

5.6 

67.9 

.841 

36.8 

22 

53 

50 

14 

275 

527 

4.8 

72.7 

.852 

34.6 

24 

74 

65 

15 

300 

572 

5.8 

78.5 

.860 

33.0 

25 

115 

80 

Residuum 

21.2 

99.7 

.896 

26.4 

Carbon  residue  of  residuum,  1.8  percent;  carbon  residue  of  crude,  0.4  percent. 


Approximate  summary 


Percent 

Specific 

gravity 

°A.  P.  I. 

Viscosity 

Light  gasoline  

5.4 

0.700 

70.6 

Total  gasoline  and  naphtha  

34.2 

0.744 

.799 

58.7 

Kerosene  distillate 

19.3 

Gas  oil  __  . __  ...  .....  

9.6 

.831 

38.8 

Nonviscons  lubricating  distillate 

10.5 

.838-. 857 

37.4-33.6 

50-100 

Medium  lubricating  distillate 

4.9 

.857-. 864 

33.6-32.3 

100-200 

Viscous  lubricating  distillate ... 

Above  200 

Residuum  . ..  

21.2 

.896 

26.4 

Distillation  loss 

.3 
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Sample  41324 

Warren  County,  Triumph  Twp.,  Pinevllle  Field 
Lytle  sand;  450-472"feet 
General  characteristics 

Specific  gravity,  0.791 ; A.  P.  I.  gravity,  47.4°  ; Sulfur,  percent,  less  than  0.10  ; 
Saybolt  Universal  viscosity  at  100°F.,  36  sec.;  Color,  green. 


Distillation,  Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  741  mm.  First  drop,  31°C.  (88°F.) 


Fraction 

,No. 

Cut 

°G. 

at 

° JF . 

Percent 

Sum, 

percent 

Specific 

gravity, 

60/60°F. 

° A.P.I., 
60°  F. 

C.  I. 

S.  U. 
vise. , 
100°F. 

Cloud 

test, 

°F. 

1 

50 

122 

2.2 

2.2 

0.635 

91.3 

2 

75 

167 

2.8 

5.0 

.663 

81.9 

4.2 

3 

100 

212 

6.8 

11.8 

.701 

70.4 

12 

4 

125 

257 

9.4 

21.2 

.727 

63.1 

16 

5 

150 

302 

7.3 

2S.5 

.747 

57.9 

18 

6 

175 

347 

7.1 

35.6 

.762 

54.2 

18 

7 

200 

392 

5.8 

41.4 

.773 

51.6 

17 

8 

225 

437 

5.5 

46.9 

.785 

48.8 

17 

9 

250 

482 

5.9 

52.8 

.796 

46.3 

17 

10 

275 

527 

6.2 

be  59.0 

.809 

43.4 

18 

Distillation  continued  at  40  mm. 


11 

200 

392 

4.0 

63.0 

0.823 

40.4 

21 

40 

20 

12 

225 

437 

.,.,4.6 

67.6 

.830 

39.0 

20 

44 

35 

i 13 

250 

482 

4.7 

72.3 

.840 

37.0 

22 

53 

55 

14 

275 

527 

4.6 

76.9 

.849 

35.2 

23 

72 

70 

15 

300 

572 

5.0 

81  9 

.857 

33.6 

24 

110 

85 

Residuum 

16.3 

98.2 

.891 

27.3 

Carbon  residue  of  residuum,  1.3  percent;  carbon  residue  of  crude,  0.2  percent. 


Approximate  summary 


Percent 

Specific 

gravity 

°A.  P.  I. 

Viscosity 

Light  gasoline  

11.8 

0.680 

76.6 

Total  gasoline  and  naphtha 

41.4 

0.729 

62.6 

Kerosene  distillate  — 

17.6 

.797 

46.0 

Gas  oil - 

9.4 

.828 

39.4 

Nonviscous  lubricating  distillate  „ _ 

9.8 

.836-. 855 

37.8-34.0 

50-100 

Medium  lubricating  distillate „ 

3.7 

.855-. 861 

34.0-32.8 

100-200 

Viscous  lubricating  distillate _ _ 

— 

— 

— 

Above  200 

Residuum  _ ..  

Distillation  loss  

16.3 

1.8 

.891 

27.3 
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Sample  41325 

Venango  County,  President  Twp.,  Hampton-Strong  Field 
Third  Stray  (Gray)  sand;  942-956  feet 
General  characteristics 

Specific  grayity,  0.795  ; A.  P.  I.  gravity,  46.5°  ; Sulfur,  percent,  less  than  0.10; 
Saybolt  Universal  viscosity  at  100°F.,  36  sec.;  Color,  green. 


Distillation,  Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  741  mm.  First  drop,  32°C.  (89°F.) 


Fraction 

No. 

Cut 

°C. 

at 
°F . 

Percent 

Sum, 

percent 

Specific 
gravity,  ° 
60/60°F. 

A.P.I., 

60°F. 

C.  I. 

S.  U. 
vise. , 
100°F. 

Cloud 
test, 
°F . 

i 

50 

122 

1.7 

1.7 

0.643 

88.6 

2 

75 

167 

3.3 

5.0 

.662 

82.2 

3.7 

3 

100 

212 

6.6 

11 .6 

.701 

70.4 

12 

4 

125 

257 

9.0 

20.6 

.727 

63.1 

16 

5 

150 

302 

7.2 

27.8 

.746 

58.2 

17 

6 

175 

347 

6.9 

34.7 

.761 

54.4 

17 

7 

200 

392 

5.7 

40.4 

.771 

52.0 

16 

8 

225 

437 

5.5 

45.9 

.782 

49.5 

15 

9 

250 

482 

5.6 

51.5 

.794 

46.7 

16 

10 

275 

527 

6.6 

58.1 

.806 

44.1 

17 

Distillation  continued  at  40  mm. 


u 

200 

392 

2.9 

61.0 

0.823 

40.4 

21 

40 

10 

12 

225 

437 

5.5 

66.5 

.830 

39.0 

20 

44 

30 

13 

250 

482 

4.8 

71.3 

.838 

37.4 

21 

54 

50 

14 

275 

527 

4.9 

76.2 

.850 

35.0 

23 

74 

65 

15 

300 

572 

5.0 

81.2 

.859 

33.2 

25 

110 

80 

Residuum 

17.7 

98.9 

.889 

27.7 

Carbon  residue  of  residuum,  1.6  percent;  carbon  residue  of  crude,  0.3  percent. 


Approximate  summary 


Percent 

Specific 

gravity 

°A.  P.  I. 

Viscosity 

11.6 

0.681 

76.3 

Total  gasoline  and  naphtha _ _ 

40.4 

0.729 

62.6 

Kerosene  distillate  ..  _ __  _ ___ 

17.7 

.795 

46.5 

Gas  oil _____  

Nonviscous  lubricating  distillate  

8.8 

10.4 

.828 

.835-. 857 

90  A 

38. 0-33. 6 

50-100 

Medium  lubricating  distillate 

3.9 

.857-.  864 

33.6-32.3 

100-200 

Viscous  lubricating  distillate  __  

Residuum _ _ 

17.7 

.889 

27.7 

Above  200 

Distillation  loss 

i.i 
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OIL  CITY  QUADRANGLE 


Sample  41326 

Venango  County,  Rockland  Twp.,  Foster  Field 
Third  sand ; 1,050-1,062  feet 
General  characteristics 

Specific  gravity,  0.812;  A.  P.  I.  gravity,  42.8°  ; Sulfur,  percent,  less  than  0.10; 
Saybolt  Universal  viscosity  at  100°F.,  40  sec.;  Color,  green. 

Distillation,  Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  739  mm.  First  drop,  32°C.  (90°F.) 


Fraction 

No. 

Cut 

°C. 

at 

°F. 

Percent 

Sum, 

percent 

Specific 

gravity, 

60/60°F. 

° A.P.I., 
60°F. 

C.  I. 

S.  U. 
vise. , 
100°F. 

Cloud 
test, 
°F . 

1 

50 

122 

0.6 

0.6 

0.662 

82.2 

2 

75 

167 

1.7 

2.3 

.677 

77.5 

11 

3 

100 

212 

4.9 

7.2 

.704 

69.5 

14 

4 

125 

257 

7.7 

11.9 

.730 

62.3 

17 

5 

150 

302 

7.0 

21.9 

.747 

57.9 

18 

G 

175 

347 

6.7 

28.6 

.761 

54.4 

17 

7 

200 

392 

4.9 

33.5 

.775 

51.1 

18 

8 

225 

437 

5.4 

38.9 

.786 

48.5 

17 

9 

250 

482 

5.6 

44.5 

.798 

45.8 

18 

10 

275 

527 

0.7 

51.2 

.810 

43.2 

19 

Distillation  continued  at  40  mm. 


ii 

200 

392 

4.6 

55.8 

0.826 

39.8 

22 

37 

16 

12 

225 

437 

5.4 

61.2 

.835 

38.0 

23 

46 

30 

13 

250 

482 

6.1 

67.3 

.845 

36.0 

24 

57 

60 

14 

275 

527 

4.5 

71.8 

.851 

34.8 

24 

87 

70 

15 

300 

572 

5.3 

77.1 

.860 

33.0 

25 

125 

86 

Residuum 

21.6 

98.7 

.899 

25.9 

Carbon  residue  of  residuum,  1.9  percent;  carbon  residue  of  crude,  0.4  percent. 


Approximate  summary 


Percent 

Specific 

gravity 

°A.  P.  I. 

Viscosity 

Light  gasoline  

7.2 

0.694 

72.4 

Total  gasoline  and  naphtha  _ 

33.5 

0.739 

60.0 

Kerosene  distillate  _ __  

17.7 

.799 

45.6 

Gas  oil _ __  _ 

9.0 

.830 

39.0 

Nonviscous  lubricating  distillate  

11.0 

.839-. 852 

37.2-34.6 

50-100 

Medium  lubricating  distillate  

5.9 

.852-. 865 

34.6-32.1 

100-200 

Viscous  lubricating  distillate 

Residuum  _ 

21.6 

.899 

25.9 

Above  200 

Distillation  loss 

1.3 
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Sample  41327 

Venango  County,  Ciierryville  Twp.,  Hamilton  Corners  Field 
First  sand  ; 500-522  feet 
General  characteristics 

Specific  gravity,  0.807  ; A.  P.  I.  gravity,  43.8°  ; Sulfur,  percent,  less  than  0.10; 
Saybolt  Universal  viscosity  at  100°F.,  38  sec.;  Color,  dark  green. 


Distillation,  Bureau  of  Mines  Hcmpel  method. 


Distillation  at  atmospheric  pressure,  743  mm. 

First  drop, 

54°C.  (129°F.) 

Fraction 

No. 

Cut 

“C. 

at 

°F. 

Percent 

Sum, 

percent 

Specific 
gravity, 
60/60°F . 

° A.P.I. , 
60°  F. 

0.  I. 

S.  U.  Cloud 

vise.,  test, 

100°F . °F. 

1 

50 

122 

2 

75 

107 

1.1 

1.1 

0.671 

79.4 

— 

3 

100 

212 

3.7 

4.8 

.705 

69.2 

14 

4 

125 

257 

9.2 

14.0 

.729 

62.6 

17 

5 

150 

302 

7.6 

21.6 

.747 

57.9 

18 

6 

175 

347 

7.3 

28.9 

.761 

54.4 

17 

7 

200 

392 

7.2 

36.1 

.774 

51.3 

17 

8 

225 

437 

5.5 

41.6 

.785 

48.8 

17 

9 

250 

4S2 

6.4 

48.0 

.796 

46.3 

17 

10 

275 

527 

6.8 

64.8 

.809 

43.4 

18 

Distillation  continued  at  40  mm. 


11 

200 

392 

3.7 

58.5 

12 

225 

437 

6.4 

64.9 

13 

250 

432 

5.6 

70.5 

14 

275 

527 

5.9 

76.4 

15 

300 

572 

5.4 

81.8 

Residuum 

18.0 

99.8 

0.824 

40.2 

21 

40 

20 

.831 

38.8 

21 

45 

40 

.842 

36.6 

23 

63 

60 

.851 

34.8 

24 

80 

76 

.861 

32.8 

26 

125 

85 

.896 

26.4 

Carbon  residue  of  residuum,  2.1  percent;  carbon  residue  of  crude,  0.4  percent. 


Approximate  summary 


Percent 

Specific 

gravity 

“A.  P.  I. 

Viscosity 

Light  gasoline  

4.8 

0.697 

71.5 

Total  gasoline  and  naphtha ...  ... 

36.1 

0.744 

58.7 

Kerosene  distillate  

18.7 

.797 

46.0 

Gas  oil 

8.6 

.828 

39.8 

Nonviscous  lubricating  distillate  

12.6 

.834-. 855 

38.2-34.0 

50-100 

Medium  lubricating  distillate  

5.8 

.855-. 806 

34.0-31.9 

100-200 

Viscous  lubricating  distillate  

— 

— 

— 

Above  200 

Residuum ...  .. 

Distillation  loss  . 

18.0 

.2 

.896 

26.4 
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OIL  CITY  QUADRANGLE 


Sample  41328 

Venango  County,  Cherrytree  Twp.,  Cherrytree  Field 
Third  sand ; 900-925  feet 
General  characteristics 

Specific  gravity,  0.808  ; A.  P.  I.  gravity,  43.6°  ; Sulfur,  percent,  less  than  0.10  ; 
Saybolt  Universal  viscosity  at  100°F.,  39  sec.;  Color,  green. 


Distillation,  Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  747  mm.  First  drop,  33 °C.  (91°F.) 


Fraction 

fto. 

Cut 

°C. 

O I 

Percent 

Sum, 

percent 

Specific 
gravity,  ° 
60/60°P. 

6 

M • 

<j  s 

S.  U. 
vise. , 
100°P. 

Cloud 

test, 

°F. 

i 

50 

122 

1.7 

1.7 

0.653 

85.2 

2 

75 

167 

2.5 

4.2 

.679 

76.9 

12 

3 

100 

212 

4.9 

9.1 

.707 

68.6 

15 

4 

125 

257 

7.0 

16.1 

.730 

62.3 

17 

5 

150 

302 

7.0 

23.1 

.748 

57.7 

18 

6 

175 

347 

5.9 

29.0 

.763 

54.0 

18 

7 

200 

392 

5.8 

34.8 

.775 

51.1 

18 

8 

225 

437 

5.5 

40.3 

.786 

48.5 

17 

9 

250 

482 

6.0 

46.3 

.798 

45.8 

18 

10 

275 

527 

6.7 

53.0 

.809 

43.4 

18 

Distillation  continued  at  40  mm. 


u 

200 

392 

3.4 

56.4 

0.826 

39.8 

22 

40 

15 

12 

225 

437 

5.4 

61.8 

.834 

38.2 

22 

45 

30 

13 

250 

482 

5.4 

67.2 

.843 

36.4 

23 

55 

60 

14 

275 

527 

4.7 

71.9 

.854 

34.2 

25 

77 

70 

15 

300 

572 

5.4 

77.3 

.862 

32.7 

26 

115 

85 

Residuum 

21.5 

98.8 

.900 

25.7 

Carbon  residue  of  residuum,  1.7  percent;  carbon  residue  of  crude,  0.4  percent. 


Approximate  summary 


Percent 

Specific 

gravity 

°A.  P.  I. 

Viscosity 

9.1 

0.689 

73.9 

34.8 

0.736 

60.8 

18.2 

.798 

45.8 

Gas  oil  __  

8.6 

.831 

38.8 

10.5 

.839-. 857 

37.2-33.6 

50-100 

5.2 

.857-. 867 

33.6-31.7 

100-200 

Viscous  lubricating  distillate 

Residuum 

21.5 

.900 

25.7 

Above  200 

Distillation  loss _ 

1.2 
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Sample  41329 

Venango  County,  Allegheny  Twp.,  Pleasantville  Field 
Lytle  sand ; 600-650  feet 
General  characteristics 

Specific  gravity,  0.794;  A.  P.  I.  gravity,  46.7° ; Sulfur,  percent,  less  than  0.10  ; 
Saybolt  Universal  viscosity  at  100°F.,  36  sec.;  Color,  green. 


Distillation,  Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  740  mm.  First  drop,  30°C.  (86°F.) 


Fraction 

No. 

Cut 

°C. 

at 
°F . 

Percent 

Sum, 

percent 

Specific 

gravity, 

60/60°F. 

° A.P.I., 

60°  F. 

C.  I. 

S.  U. 
vise. , 
100°  F. 

Cloud 

test, 

°F. 

1 

50 

122 

2.1 

2.1 

0.632 

92.4 

2 

75 

167 

3.1 

5.2 

.663 

81.9 

4.2 

3 

100 

212 

5.1 

10.3 

.704 

69.5 

14 

4 

125 

257 

8.9 

19.2 

.730 

62.3 

17 

5 

150 

302 

7.0 

26.2 

.748 

57.7 

18 

6 

175 

347 

7.8 

34.0 

.762 

54.2 

18 

7 

200 

392 

5.7 

39.7 

.774 

51.3 

17 

8 

225 

437 

6.1 

45.8 

.785 

48.8 

17 

9 

250 

482 

5.6 

51.4 

.797 

46.0 

17 

10 

275 

527 

6.8 

58.2 

.810 

43.2 

19 

' 

Distillation  continued  at  40  mm. 


H 

200 

392 

3.1 

61.3 

0.823 

40.4 

21 

40 

20 

12 

225 

437 

5.2 

66.5 

.830 

39.0 

20 

44 

35 

13 

250 

482 

6.2 

72.7 

.840 

37.0 

22 

64 

65 

14 

275 

527 

3.8 

76.5 

.850 

35.0 

23 

75 

70 

15 

300 

572 

4.7 

81.2 

.857 

33.6 

24 

115 

85 

Residuum 

17.4 

98.6 

.891 

27.3 

Carbon  residue  of  residuum. 

1.6  percent;  carbon 

residue 

of  crude. 

0.3  percent. 

Approximate  summary 


Percent 

Specific 

gravity 

°A.  P.  I. 

Viscosity 

Light  gasoline  ... 

10.3 

0.677 

77.5 

Total  gasoline  and  naphtha 

39.7 

0.732 

61. S 

Kerosene  distillate  

18.5 

.798 

45.8 

Gas  oil  

9.3 

.828 

39.4 

Nonviscous  lubricating  distillate  

9.8 

.836-. 854 

37.8-34.2 

50-100 

Medium  lubricating  distillate  

3.9 

.854-. S61 

34.2-32.8 

100-200 

Viscous  lubricating  distillate 

— 

— 

— 

Above  200 

Residuum ... 

Distillation  loss 

17.4 

1.4 

.891 

27.3 
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Sample  41330 

Venango  Counts:,  Allegheny  Twp.,  Pleasantville  Field 
Lytle  sand  ; 545-565  feet 
General  characteristics 

Specific  gravity,  0.802;  A.  P.  I.  gravity,  44.9°  ; Sulfur,  percent,  less  than  0.10; 
Saybolt  Universal  viscosity  at  100°F.,  38  sec.;  Color,  brownish-green. 


Distillation,  Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  740  mm.  First  drop,  31°C.  (88°F.) 


Fraction 

No. 

Cut 

°c. 

at 
°F . 

Percent 

Sum, 

percent 

Specific 

gravity, 

60/60°F. 

° A.P  .1. , 
60°  F. 

c.  I. 

S.  U. 
vise. , 
100°F. 

Cloud 

test, 

°F. 

1 

50 

122 

1.7 

1.7 

0.639 

89.9 

2 

75 

167 

3.3 

5.0 

.667 

80.6 

6.1 

3 

100 

212 

6.3 

11.3 

.705 

69.2 

14 

4 

125 

257 

7.9 

19.2 

.730 

62.3 

17 

5 

150 

302 

6.8 

26.0 

.748 

57.7 

18 

6 

175 

347 

6.6 

32.6 

.762 

54.2 

18 

7 

200 

392 

5.3 

37.9 

.775 

51.1 

18 

8 

225 

4*437 

6.3 

44.2 

.787 

48.3 

18 

9 

250 

482 

4.6 

4S.8 

.799 

45.6 

18 

10 

275 

527 

6.6 

55.4 

.810 

43.2 

19 

Distillation  continued  at  40  mm. 


11 

200 

392 

2.3 

57.7 

0.825 

40.0 

22 

40 

15 

12 

225 

437 

5.2 

62.9 

.832 

38.6 

21 

45 

35 

13 

250 

482 

4.9 

67.8 

.842 

36.6 

23 

53 

55 

14 

275 

527 

4.4 

72.2 

.830 

35.0 

23 

70 

75 

15 

300 

572 

5.3 

77.5 

.859 

33.2 

25 

105 

98 

Residuum 

21.7 

99.2 

.890 

27.5 

Carbon  residue  of  residuum,  1.5  percent;  carbon  residue  of  crude,  0.3  percent. 


Approximate  summary 


Percent 

Specific 

gravity 

"A.  P.  I. 

Viscosity 

Light  gasoline  _____ 

11.3 

0.684 

75.4 

Total  gasoline  and  naphtha 

37.9 

0.731 

62.1 

Kerosene  distillate  

17.5 

.799 

45.6 

Gas  oil  ...  _ __  __  _ 

8.0 

.831 

38.8 

Nonviscous  lubricating  distillate  

10.8 

.838-. 858 

37.4-33.4 

50-100 

Medium  lubricating  distillate  — __  _ ___  ___ 

3.3 

.858-. 864 

33.4-32.3 

100-200 

Viscous  lubricating  distillate __ 

— 

— 

— 

Above  200 

Residuum  

Distillation  loss 

21.7 

.8 

.890 

27.5 
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Sample  41331 

Venango  County,  Oilcreek  Twp.,  Pleasantville  Field 
Third  Stray  (Black)  sand;  850-862  feet 
General  characteristics 

Specific  gravity,  0.784 ; A.  P.  I.  gravity,  49.0°  ; Sulfur,  percent,  less  than  0.10  ; 
Saybolt  Universal  viscosity  at  100°F.,  35  sec.;  Color,  dark  green. 

Distillation,  Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  741  mm.  First  drop,  31°C.  (88°F.) 


Fraction 

No. 

“O 

Oc 

i 

O i 

Percent 

Sum, 

percent 

Specific 

gravity, 

60/60°F. 

° A.P.I., 
60°  F. 

C.  I. 

S.  U. 
vise . , 
100°  F. 

Cloud 

test, 

°F. 

i 

50 

122 

4.7 

4.7 

0.633 

92.0 

2 

75 

167 

4.0 

8.7 

.659 

S3. 2 

2.3 

3 

100 

212 

5.8 

14.5 

.698 

71.2 

11 

4 

125 

257 

S.4 

22.9 

.726 

63.4 

15 

5 

150 

302 

6.9 

29.8 

.745 

58.4 

17 

6 

175 

347 

6.7 

36.5 

.760 

54.7 

17 

7 

200 

392 

5.7 

42.2 

.772 

51.8 

16 

8 

225 

437 

4.9 

47.1 

.783 

49.2 

16 

9 

250 

482 

4.9 

52.0 

.795 

46.5 

16 

10 

275 

527 

5.9 

57.9 

.807 

43.8 

17 

Distillation  continued  at  40  mm. 


11 

200 

392 

2.9 

60.8 

0.824 

40.2 

21 

40 

15 

12 

225 

437 

5.2  | 

66.0 

.835 

38.0 

23 

44 

30 

13 

250 

4S2 

4.0 

70.0 

.840 

37.0 

22 

52 

50 

14 

275 

527 

4.0 

74.0 

.S49 

35.2 

23 

72 

65 

15 

300 

572 

4.7 

78.7 

.857 

33.6 

24 

105 

80 

Residuum 

17.8 

96.5 

.895 

26.6 

Carbon  residue  of  residuum,  2.1  percent;  carbon  residue  of  crude,  0.4  percent. 


Approximate  summary 


Percent 

Specific 

gravity 

°A.  P.  I. 

Viscosity 

14.5 

0.666 

81.0 

42.2 

0.720 

65.0 

.796 

46.3 

Gas  oil - _ 

9.0 

.830 

39.0 

Nnnyjscnns  lubricating  distillate 

8.8 

.839-. 856 

37.2-33.8 

50-100 

Medium  lubricating  distillate  __  

3.0 

.856-. 861 

33.8-32.8 

100-200 

Above  200 

17.8 

• S95 

26.6 

3.5 
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Sample  41332 

Venango  County,  Cornplanter  Twp.,  Rattlesnake  Field 
Lytle  sand ; 750-766  feet 
General  characteristics 

Specific  gravity,  0.794;  A.  P.  I.  gravity,  46.7°  ; Sulfur,  percent,  less  than  0.10; 
Saybolt  Universal  viscosity  at  100°F.,  36  sec.;  Color,  brownish-green. 


Distillation , Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  743  mm.  First  drop,  30°C.  (86°F.) 


Fraction 

No. 

Cut 

°C. 

at 

°F.  Percent 

Sum, 

percent 

Specific 
gravity,  ° 
60/60°F. 

A.P.I., 

60°  P. 

C.  I. 

S.  U. 
vise., 
100°P. 

Cloud 

test, 

°F. 

1 

60 

122 

2.7 

2.7 

0.631 

92.8 

2 

75 

167 

3.0 

5.7 

.664 

81.6 

4.6 

3 

100 

212 

6.2 

11.9 

.703 

69.8 

13 

4 

125 

257 

8.4 

20.3 

.728 

62.9 

16 

5 

150 

302 

7.6 

27.9 

.747 

67.9 

18 

6 

175 

347 

6.9 

34.8 

.762 

54.2 

18 

7 

200 

392 

6.1 

40.9 

.774 

61.3 

17 

8 

225 

437 

6.1 

47.0 

.784 

49.0 

16 

9 

250 

482 

5.6 

52.6 

.797 

46.0 

17 

10 

275 

527 

6.6 

59.2 

.810 

43.2 

19 

Distillation  continued  at  40  mm. 


ii 

200 

392 

3.4 

62.6 

0.822 

40.6 

20 

40 

20 

12 

225 

437 

6.5 

68.1 

.830 

39.0 

20 

43 

35 

13 

250 

482 

5.0 

73.1 

.840 

37.0 

22 

54 

65 

14 

275 

527 

4.7 

77.8 

.849 

35.2 

23 

74 

70 

15 

300 

572 

4.7 

82.5 

.858 

33.4 

24 

110 

85 

Residuum 

17.0 

99.5 

.891 

27.3 

Carbon  residue  of  residuum, 

1.4  percent;  carbon 

residue 

of  crude, 

0.2  percent. 

Approximate  summary 


Percent 

Specific 

gravity 

"A.  P.  I. 

Viscosity 

Light  gasoline  

11.9 

0.677 

77.5 

Total  gasoline  and  naphtha _________ 

40.9 

0.729 

62.6 

Kerosene  distillate  

18.3 

.797 

46.0 

Gas  oil 

9.1 

.827 

39.6 

Nonviscous  lubricating  distillate  

9.8 

.835-. 854 

38.0-34.2 

60-100 

Medium  lubricating  distillate  

4.4 

.854-. 862 

34.2-32.7 

100-200 

Viscous  lubricating  distillate 

— 

— 

S7.S 

Above  200 

Residuum 

Distillation  loss  

17.0 

.5 

.891 
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Sample  41333 

Venango  County,  Ollcbeek  Twp.,  Shambubg  Field 
Third  sand;  953-1,000  feet 
General  characteristics 

Specific  gravity,  0.814;  A.  P.  I.  gravity,  42.3°  ; Sulfur,  percent,  less  than  0.10 ; 
Saybolt  Universal  viscosity  at  100°F.,  41  sec.;  Color,  brownish-green. 


Distillation,  Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  744  mm.  First  drop,  32°C.  (90°F.) 


Fraction 

No. 

Cut 

°C. 

at 

°F. 

Percent 

Sum, 

percent 

Specific 
gravity,  ° 
60/60°F. 

A.P.I., 

60°  F. 

C.  I. 

S.  U. 
vise. , 
100°F. 

Cloud 

test, 

°F. 

1 

50 

122 

2 

75 

167 

2.0 

2.0 

0.665 

81.3 

— 

3 

100 

212 

3.3 

5.3 

.705 

69.2 

14 

4 

125 

257 

7.5 

12.8 

.729 

62.6 

17 

5 

150 

302 

6.6 

19.4 

.746 

58.2 

17 

6 

175 

347 

6.6 

26.6 

.763 

54.0 

18 

7 

200 

392 

5.6 

31.6 

.774 

51.3 

17 

8 

225 

437 

6.2 

37.8 

.786 

48.3 

17 

9 

250 

482 

6.0 

43.8 

.799 

45.6 

18 

10 

275 

527 

6.7 

50.5 

.811 

43.0 

19 

Distillation  continued 

at  40  mm. 

u 

200 

392 

3.4 

52.9 

0.825 

40.0 

22 

40 

15 

12 

225 

437 

6.1 

60.0 

.834 

38.2 

22 

45 

30 

13 

250 

482 

5.3 

65.3 

.840 

37.0 

22 

54 

50 

14 

275 

527 

4.8 

70.1 

.852 

34.6 

24 

77 

70 

15 

300 

572 

5.8 

75.9 

.860 

33.0 

25 

110 

80 

Residuum 

23.3 

99.2 

.894 

26.8 

Carbon  residue  of 

residuum,  1.4  percent;  carbon  residue 

of  crude, 

0.3  percent. 

Approximate  summary 


Percent 

Specific 

gravity 

°A.  P.  I. 

Viscosity 

Light  gasoline  

5.3 

0.690 

73.6 

Total  gasoline  and  naphtha 

31.6 

.741 

59.5 

Kerosene  distillate  

18.9 

.799 

45.6 

Gas  oil  . 

9.8 

.829 

39.2 

Nonviscous  lubricating  distillate  

11.1 

.837-. 859 

37.6-33.2 

50-100 

Medium  lubricating  distillate 

4.5 

.859-. 864 

33.2-32.3 

100-200 

Viscous  lubricating  distillate 

— 

— 

— 

Above  200 

Residuum 

Distillation  loss __ 

23.3 

.8 

.894 

26.8 
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Sample  41334 

Venango  County,  Oilcreek  Twp.,  Pleasantville  Field 
First  sand ; 650-725  feet 
General  characteristics 

Specific  gravity,  0.814 ; A.  P.  I.  gravity,  42.3° ; Sulfur,  percent,  less  than  0.10 ; 
Saybolt  Universal  viscosity  at  100°F.,  41  sec.;  Color,  brownish-green. 

Distillation,  Bureau  of  Mines  Hempel  method 


Distillation  at  atmospheric  pressure,  746  mm.  First  drop,  60°C.  (140°F.) 


Fraction 

No. 

Cut 

°C. 

at 

°F. 

Percent 

Sum, 

percent 

Specific 

gravity, 

60/60°F. 

° A.P.I., 
60°F . 

C.  I. 

S.  U. 
vise. , 
100°F. 

Cloud 

test, 

°F. 

1 

50 

122 

2 

75 

167 

0.6 

0.6 

0.687 

74.5 

— 

3 

100 

212 

2.4 

3.0 

.705 

69.2 

14 

4 

125 

257 

6.8 

9.8 

.729 

62.6 

17 

5 

150 

302 

6.6 

16.4 

.744 

58.7 

16 

6 

175 

347 

7.4 

23.8 

.762 

54.2 

18 

7 

200 

392 

6.4 

30.2 

.772 

51.8 

16 

8 

225 

437 

6.3 

36.5 

.785 

48.8 

17 

9 

250 

482 

0.7 

43.2 

.794 

46.7 

16 

10 

275 

527 

7.3 

50.5 

.810 

43.2 

19 

Distillation  continued  at  40  mm. 


ii 

200 

392 

3.9 

54.4 

12 

225 

437 

6.8 

61.2 

13 

250 

482 

5.0 

66.2 

14 

275 

527 

6.0 

72.2 

15 

300 

572 

6.1 

78.3 

Residuum 

21.5 

99.8 

0.823 

40.4 

21 

40 

20 

.831 

38.8 

21 

45 

40 

.841 

36.8 

22 

54 

55 

.849 

35.2 

23 

74 

70 

.858 

33.4 

24 

115 

85 

.893 

27.0 

Carbon  residue  of  residuum,  1.4  percent;  carbon  residue  of  crude,  0.3  percent. 


Approximate  summary 


Percent 

Specific 

gravity 

“A.  P.  I. 

Viscosity 

Light  gasoline - - 

3.0 

0.701 

70.4 

Total  gasoline  and  naphtha 

30.2 

0.747 

57.9 

Kerosene  distillate - 

20.3 

.797 

46.0 

Gas  oil — - - . - 

10.7 

.829 

39.2 

Nonviscous  lubricating  distillate  

11.9 

.837-. 855 

37.6-34.0 

50-100 

Medium  lubricating  distillate  — 

5.2 

.855-. 862 

34.0-32.7 

100-200 

Viscous  lubricating  distillate - - 

— 

.893 

— 

Above  200 

Residuum - - — - ---  - 

Distillation  loss 

21.5 

.2 

27.0 
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Sample  41335 

Venango  County,  Oilcreek  Twp.,  Pleasantville  Field 
Second  (Salt)  sand;  750-770  feet 
General  characteristics 

Specific  gravity,  0.816;  A.  P.  I.  gravity,  41.9° ; Sulfur,  percent,  less  than  0.10; 
Saybolt  Universal  viscosity  at  100°F.,  41  sec.;  Color,  dark  green. 

Distillation,  Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  739  mm.  First  drop,  80°C.  (176°F.) 


Fraction 

No. 

Cut 

°c. 

at 

°P. 

Percent 

Sum, 

percent 

Specific 

gravity, 

60/60°F. 

“A.P.I,, 

60°  F. 

C.  I. 

S.  U. 
vise. , 
100°  F. 

Cloud 

test, 

1 

50 

122 

2 

75 

167 

3 

100 

212 

1.4 

1.4 

0.706 

68.9 

— 

4 

125 

257 

5.1 

6.5 

.732 

61.8 

18 

5 

150 

302 

7.3 

13.8 

.749 

57.4 

18 

6 

175 

347 

8.1 

21.9 

.762 

54.2 

18 

7 

200 

392 

6.5 

28.4 

.773 

51.6 

17 

8 

225 

437 

7.9 

36.3 

.7S6 

48.5 

17 

9 

250 

4S2 

5.7 

42.0 

.797 

46.0 

17 

10 

275 

527 

7.9 

49.9 

.807 

43.8 

17 

Distillation  continued  at  40  mm. 


11 

200 

392 

3.2 

53.1 

0.824 

40.2 

21 

39 

15 

12 

225 

437 

7.1 

60.2 

.829 

39.2 

20 

44 

30 

13 

250 

482 

6.1 

66.3 

.839 

37.2 

21 

52 

50 

14 

275 

527 

6.6 

72.9 

.848 

35.4 

22 

72 

70 

15 

300 

572 

5.0 

77.9 

.856 

33.8 

23 

105 

85 

Residuum 

22.0 

99.9 

.891 

27.3 

Carbon  residue  of  residuum,  1.8  percent;  carbon  residue  of  crude,  0.4  percent. 


Approximate  summary 


Percent 

Specific 

gravity 

°A.  P.  I. 

Viscosity 

light  gasoline  

1.4 

0.706 

68.9 

Total  gasoline  and  naphtha  _ 

28.4 

.753 

56.4 

Kerosene  distillate  ... . 

21.5 

.797 

46.0 

Gas  oil _ 

11.8 

.829 

39.2 

Nonviscous  lubricating  distillate  

12.9 

.836-. 855 

37.8-34.0 

50-100 

Medium  lubricating  distillate  ...  _ 

3.3 

.855-. 859 

34.0-33.2 

100-200 

Viscous  lubricating  distillate 

— 

— 

— 

Above  200 

Residuum  _ .. 

Distillation  loss  .. 

22.0 

.1 

.891 

27.3 
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Sample  41336 

Warren  County,  Eldred  Twp.,  Selkirk  Field 
First  sand;  490-506  feet 
General  characteristics 

Specific  gravity,  0.810;  A.  P.  I.  gravity,  43.2° ; Sulfur,  percent,  less  than  0.10; 
Saybolt  Universal  viscosity  at  100°F.,  39  sec.;  Color,  dark  green. 


Distillation,  Bureau  of  Mines  ffempel  method 
Distillation  at  atmospheric  pressure,  744  mm.  First  drop,  61°C.  (142°F.) 


Fraction 

No. 

Cut 

°C. 

at 

°F. 

Percent 

Sum, 

percent 

Specific 

gravity, 

60/60°P. 

° A.P.I., 
60°  P. 

0.  I. 

S.  U. 
vise., 
100°P. 

Cloud 

test, 

°F. 

i 

60 

122 

2 

76 

167 

0.6 

0.6 

0.678 

77.2 



3 

100 

212 

2.6 

3.2 

.706 

68.9 

16 

4 

125 

257 

7.7 

10.9 

.728 

62.9 

16 

5 

160 

302 

7.9 

18.8 

.745 

58.4 

17 

6 

175 

347 

8.3 

27.1 

.762 

64.2 

18 

7 

200 

392 

6.4 

33.5 

.773 

61.6 

17 

8 

225 

437 

6.6 

40.1 

.785 

48.8 

17 

9 

250 

482 

6.2 

46.3 

.798 

45.8 

18 

10 

275 

527 

7.4 

53.7 

.811 

43.0 

19 

Distillation  continued  at  40  mm. 


u 

200 

392 

3.5 

57.2 

12 

225 

437 

6.8 

64.0 

13 

250 

482 

6.3 

69.3 

14 

275 

527 

6.0 

74.3 

16 

300 

672 

6.6 

79.9 

Residuum 

19.9 

99.8 

0.823 

40.4 

21 

40 

20 

.831 

38.8 

21 

45 

35 

.841 

36.8 

22 

54 

66 

.849 

35.2 

23 

72 

70 

.857 

33.6 

24 

105 

80 

.892 

27.1 

Carbon  residue  of  residuum,  1.8  percent;  carbon  residue  of  crude,  0.3  percent. 


Approximate  summary 


Percent 

Specific 

gravity 

°A.  P.  I. 

Viscosity 

Light  gasoline 

3.2 

0.701 

70.4 

Total  gasoline  and  naphtha 

33.5 

0.746 

68.2 

Kerosene  distillate  

20.2 

.799 

45.6 

Gas  oil  _ _ _ 

10.4 

.829 

39.2 

Nonviscous  lubricating  distillate  

12.3 

.837-. 856 

37.6-33.8 

50-100 

Medium  lubricating  distillate  

3.5 

.856-. 861 

33.8-32.8 

100-200 

Viscous  lubricating  distillate 

— 

— 

— 

Above  200 

Residuum 

Distillation  loss 

19.9 

.2 

.892 

27.1 
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Sample  41337 

Waeben  County,  Sohthwest  Twp.,  Goodwill  Hill  Field 
Third  Stray  sand ; 755-799  feet 
General  characteristics 

Specific  gravity,  0.816 ; A.  P.  I.  gravity,  41.9°  ; Sulfur,  percent,  less  than  0.10 ; 
Saybolt  Universal  viscosity  at  100°F.,  41  sec.;  Color,  dark  green. 

Distillation,  Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  742  mm.  First  drop,  47°C.  (117°F.) 


Fraction 

So. 

Cut 

°c. 

at 

°F. 

Percent 

Sum, 

percent 

Specific 

gravity, 

60/60°F. 

° A.P.I.,  C.  I. 
60°  P. 

S.  U. 
vise. , 
100°F. 

Cloud 

test, 

°F. 

i 

50 

122 

2 

75 

167 

1.4 

1.4 

0.658 

83.6 

— 

3 

100 

212 

2.8 

4.2 

.703 

69.8 

13 

4 

125 

257 

6.8 

11.0 

.729 

62.6 

17 

5 

150 

302 

7.1 

18.1 

.747 

57.9 

18 

6 

175 

347 

7.3 

25.4 

.763 

54.0 

18 

7 

200 

392 

6.0 

31.4 

.775 

51.1 

18 

8 

225 

437 

5.8 

37.2 

.786 

48.5 

17 

9 

250 

482 

6.1 

43.3 

.79S 

45.8 

18 

10 

275 

627 

7.0 

50.3 

.810 

43.2 

19 

Distillation  continued  at  40  mm. 


11 

200 

392 

3.0 

53.3 

0.826 

39.8 

22 

41 

20 

12 

225 

437 

6.2 

59.5 

.832 

38.6 

21 

44 

35 

13 

250 

482 

5.2 

64.7 

.841 

36.8 

22 

53 

60 

14 

275 

527 

4.9 

69.6 

.851 

34.8 

24 

72 

70 

15 

300 

572 

6.1 

75.7 

.856 

33.4 

24 

99 

90 

Residuum 

23.7 

99.4 

.896 

26.4 

Carbon  residue  of  residuum,  2.0  percent;  carbon  residue  of  crude,  0.5  percent. 


Approximate  summary 


Percent 

Specific 

gravity 

°A.  P.  I. 

Viscosity 

Light  gasoline  

4 2 

0.688 

0.744 

.799 

.831 

.838-. 858 

74.2 

58.7 
45.6 

38.8 

37.4-33.4 

Total  gasoline  and  naphtha 

31.4 

18.9 

9.9 

12.7 

Kerosene  distillate  

Gas  oil 

Nonviscous  lubricating  distillate  . 

50-100 

Medium  lubricating  distillate  

2.8 

.858-. 862 

33.4-32.7 

100-200 

Viscous  lubricating  distillate 

Above  200 

Residuum 

23.7 

.6 

.896 

26.4 

Distillation  loss 
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Sample  41338 

Crawford  County,  Titusville,  Watson  Flats  Field 
Third  sand  ; 398-449  feet 
General  characteristics 

Specific  gravity,  0.820 ; A.  P.  I.  gravity,  41.1° ; Sulfur,  percent,  less  than  0.10 ; 
Saybolt  Universal  viscosity  at  100°F.,  43  sec.;  Color,  green. 


Distillation,  Bureau,  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  744  mm.  First  drop,  52°C.  (126°F.) 


Fraction 

No. 

Cut 

°C. 

at 
°F . 

Percent 

Specific 
Sum,  gravity, 
percent  60/60°F. 

»A.P.I„ 

60°F. 

S.  U. 
C.  I.  vise., 

100°F. 

Cloud 
test, 
°F . 

1 

50 

122 

2 

75 

107 

0.6 

0.6 

0.678 

77.2 



3 

100 

212 

1.6 

2.2 

.702 

70.1 

13 

4 

125 

257 

4.5 

6.7 

.727 

63.1 

16 

5 

150 

302 

6.7 

13.4 

.744 

58.7 

16 

6 

175 

347 

7.0 

20.4 

.761 

54.4 

17 

7 

200 

392 

6.9 

27.3 

.775 

51.1 

18 

8 

225 

437 

6.5 

33.8 

.780 

48.5 

17 

9 

250 

482 

6.5 

40.3 

.798 

45.8 

18 

10 

275 

527 

9.0 

49.3 

.811 

43.0 

19 

Distillation  continued  at  40  mm. 


ii 

200 

392 

3.2 

52.5 

0.825 

40.0 

22 

40 

15 

12 

225 

437 

6.6 

59.1 

.833 

38.4 

22 

45 

35 

13 

250 

482 

7.1 

66.2 

.846 

35.8 

25 

56 

55 

14 

275 

527 

5.4 

71.6 

.853 

34.4 

25 

80 

70 

15 

300 

572 

6.8 

7S.4 

.862 

32.7 

26 

120 

85 

Residuum 

21.5 

99.9 

.893 

27.0 

Carbon  residue  of  residuum,  1.8  percent;  carbon  residue  of  crude,  0.4  percent. 


Approximate  summary 


Percent 

Specific 

gravity 

°A.  P.  I. 

Viscosity 

Light  gasoline 

2.2 

0.695 

72.1 

Total  gasoline  and  naphtha 

27.3 

.749 

57.4 

Kerosene  distillate 

22.0 

.800 

45.4 

Gas  oil  ___ 

9.7 

.831 

38.8 

Nonviscous  lubricating  distillate  

12.9 

.839-. 857 

37.2-33.6 

50-100 

Medium  lubricating  distillate  

6.5 

.857-. 867 

33.6-31.7 

100-200 

Viscous  lubricating  distillate  

— 

— 

— 

Above  200 

Residuum 

Distillation  loss  

21.5 

.1 

.893 

27.0 
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Sample  41339 


Warren  County,  Southwest  Twp.,  Goodwill  Hill  Field 
Third  Stray  sand  ; 695-720  feet 
General  characteristics 


Specific  gravity 

, 0.802  ; A. 

P.  I 

gravity 

14.9°  ; 

Sulfur, 

percent,  less  tha 

n 0.10  ; 

Saybolt 

LTniversal  viscosity  at  100°F. 

38  sec 

. ; Coloi 

, dark  green. 

Distillation 

, Bureau  of  Mines 

Hem  pel 

method 

Distillation  at 

atmospheric  pressure, 

742  mm 

First  drop,  30  °C. 

(86°F.) 

Fraction 

Cut 

at 

Specific 

S.  U. 

Cloud 

No. 

-C. 

: F . Percent 

Sum, 

gravity, 

° A.P.I. , 

C.  I.  vise., 

test, 

percent 

60/60°  F . 

60°  F. 

100°  F. 

O JP  . 

1 

50 

122 

2.0 

2.0 

0.030 

93.1 

2 

73 

167 

2.6 

4.6 

.658 

83.6 

1.8 

3 

100 

212 

5.2 

9.8 

.700 

70.6 

12 

4 

125 

257 

7.8 

17.6 

.728 

62.9 

16 

5 

150 

302 

6.8 

24.4 

.746 

5S.2 

17 

6 

175 

347 

6.7 

31.1 

.762 

54.2 

18 

7 

200 

392 

5.8 

36.9 

.774 

51.3 

17 

8 

225 

437 

5.5 

42.4 

.786 

48.5 

17 

9 

250 

482 

5.7 

48.1 

.798 

45.8 

18 

10 

275 

527 

6.2 

54.3 

.811 

43.0 

19 

Distillation  continued  at  40  mm. 


11 

200 

392 

2.2 

56.5 

0.826 

39.8 

22 

39 

15 

12 

225 

437 

5.9 

62.4 

.832 

38.6 

21 

44 

30 

13 

250 

482 

5.1 

67.5 

• S42 

36.6 

23 

53 

50 

14 

275 

527 

4.8 

72.3 

.851 

34.8 

24 

72 

65 

15 

300 

572 

5.0 

77.3 

.858 

33.4 

24 

105 

80 

Residuum 

21.1 

98.4 

.897 

26.3 

Carbon  residue  of 

residuum, 

2.0  percent;  carbon 

residue 

of  crude, 

0.4  percent. 

Approximate  summary 


Specific 

Percent  gravity  “A.  P.  I.  Viscosity 


Light  gasoline  ...  ...  . .. 

9.8 

0.675 

78.1 

Total  gasoline  and  naphtha  ...  . 

36.9 

0.731 

62.1 

Kerosene  distillate  ..  . 

17.4 

.799 

45.6 

Gas  oil  __  . . 

8.8 

.832 

38.6 

Nonviseous  lubricating  distillate  

10.9 

.839-. 857 

37.2-33.6 

50-100 

Medium  lubricating  distillate  ------ 

3.3 

.857-. 862 

33.6-32.7 

100-200 

Viscous  lubricating  distillate  

— 

— 

Above  200 

Residuum  - _ 

Distillation  loss  ..  

21.1 

1.6 

.897 

26.3 
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Sample  42162 

Venango  County,  Sugarcreek  Twp.,  Franklin  Heavy  Field 
First  sand  ; 371-422  feet 
General  characteristics 

Specific  gravity,  0.866;  A.  P.  I.  gravity,  31.9°;  Sulfur,  percent,  less  than  0.1; 

Saybolt  Universal  viscosity  at  77°F.,  140  sec.;  at  100°F.,  91  sec.;  Color, 
green. 


Distillation , Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  742  mm.  First  drop,  71°C.  (160°F.) 


Fraction 

No. 

Cut 

°C. 

O 

Percent 

Sum, 

percent 

Specific 

gravity, 

00/60°F. 

O A.P.I., 
60°  P. 

C.  I. 

S.  U. 
vise. , 
100°F . 

Cloud 
test, 
°F . 

1 

50 

122 

2 

75 

167 

3 

100 

212 

1.1 

1.1 

0.749 

57.4 

4 

125 

257 

.7 

1.8 

.763 

54.0 

33 

5 

150 

302 

2.5 

4.3 

.812 

42.8 

48 

6 

175 

347 

3.1 

7.4 

.833 

38.4 

7 

200 

392 

2.8 

10.2 

.838 

37.4 

48 

8 

225 

437 

3.1 

13.3 

.841 

36.8 

43 

9 

250 

482 

4.4 

17.7 

.843 

36.4 

39 

10 

275 

527 

7.2 

24.9 

.844 

36.2 

35 

Distillation  continued  at  40  mm. 


u 

200 

392 

2.9 

27. S 

0.852 

34.6 

35 

43 

Below  5 

12 

225 

437 

7.5 

35.3 

.852 

34.6 

31 

47 

do. 

13 

250 

482 

8.3 

43.6 

.858 

33.4 

30 

60 

do. 

14 

275  . 

527 

6.4 

50.0 

.864 

32.3 

30 

87 

15 

15 

300 

572 

8.8 

58.8 

.868 

31.5 

29 

125 

45 

Residuum 

40.2 

99.0 

0.891 

27.3 

Carbon  residue  of  residuum,  2.1  percent;  carbon  residue  of  crude,  0.8  percent. 


Approximate  summary 


Light  gasoline  

Total  gasoline  and  naphtha 

Kerosene  distillate  

Gas  oil  

Nonviscous  lubricating  distillate 
Medium  lubricating  distillate  — 

Viscous  lubricating  distillate 

Residuum 

Distillation  loss 


Percent 

Specific 

gravity 

"A.  P.  I. 

Viscosity 

1.1 

0.749 

57.4 

4.3 

0.788 

48.1 

29.2 

.844 

36.2 

16.3 

.854-. 865 

34.2-32.1 

50-100 

9.0 

.865-. 870 

32.1-31.1 

100-200 

— 

— 

— 

Above  200 

40.2 

.891 

27.5 

1.0 
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Sample  42183 

Venango  County,  Allegheny  Twp.,  Pleasantville  Field 
Second  (Salt)  sand;  682-707  feet 
General  characteristics 

Specific  gravity,  0.812;  A.  P.  I.  gravity,  42.8°  ; Sulfur,  percent,  less  than  0.1; 
Saybolt  Universal  viscosity  at  100°F.,  41  sec.;  Color,  green. 

Distillation,  Bureau  of  Mines  Hempel  method 
Distillation  at  atmospheric  pressure,  741  mm.  First  drop,  61°C.  (142°F.) 


Fraction 

JNo. 

Cut 

°C. 

at 

°F. 

Percent 

Sum, 

percent 

Specific 

gravity, 

60/60°F. 

° A.P.I., 
60°  F. 

C.  I. 

S.  U. 
vise. , 
100°F. 

Cloud 
test, 
°F . 

i 

50 

122 

2 

75 

167 

3 

100 

212 

3.0 

3.0 

0.708 

68.4 

— 

4 

125 

257 

7.0 

10.0 

.733 

61.5 

IS 

5 

150 

302 

7.5 

17.5 

.747 

57.9 

18 

6 

175 

347 

7.7 

25.2 

.761 

54.4 

17 

7 

200 

392 

6.1 

31.3 

.774 

51.3 

17 

8 

225 

437 

6.4 

37.7 

.785 

48.8 

17 

9 

250 

482 

6.4 

44.1 

.797 

46.0 

17 

10 

275 

527 

7.2 

51.3 

.809 

43.4 

18 

Distillation  continued  at  40  mm. 


11 

200 

392 

3.2 

54.5 

0.823 

40.4 

21 

40 

15 

12 

225 

437 

6.5 

61.1 

.828 

39.4 

19 

44 

35 

13 

250 

482 

5.8 

66.8 

.837 

37.6 

20 

52 

55 

14 

275 

527 

5.5 

72.3 

.845 

36.0 

21 

70 

70 

15 

300 

572 

5.8 

78.1 

.854 

34.2 

22 

105 

85 

Residuum 

21.4 

99.5 

0.892 

27.1 

Carbon  residue  of  residuum,  1.9  percent;  carbon  residue  of  crude,  0.4  percent. 


Approximate  summary 

Specific 

Percent 

gravity 

° A . P.  I. 

Viscosity 

Light  gasoline  ..  - . 

3.0 

0.708 

68.4 

Total  gasoline  and  naphtha  . 

31.3 

0.749 

57.4 

Kerosene  distillate 

20.0 

.797 

46.0 

Gas  oil 

11.2 

.828 

39.4 

Nonviscous  lubricating  distillate  

11.9 

. 835- . 853 

38.0-34.4 

50-100 

Medium  lubricating  distillate  - .. 

3.7 

.853-. 858 

34.4-33.4 

100-200 

Viscous  lubricating  distillate 

— 

— 

— 

Above  200 

Residuum - 

21.4 

.892 

27.1 

Distillation  loss 

.5 
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SECTION  III 

OIL  CITY  QUADRANGLE  WELL  TO  WELL  SECTION  D-E 
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SECTION  VI 

OIL  CITY  QUADRANGLE  WELL  TO  WELL  SECTION  C-H 


HORIZONTAL  scale 


INDEX 


Many  references,  as  to  oil  and  Corry  sandstone,  have  been  omitted  because 

they  occur  too  frequently. 


A 

Acknowledgments,  3 
Air  and  gas  drive,  61,  62,  63,  92,  102, 
103,  108 

pressure  of,  62,  103 
Allegheny  group,  7 
Amber  sand,  25 

American  Petroleum  Institute,  1,  62 
Amity  shale,  27,  37 
Amsler  sand,  40 

Analyses,  Hempel,  67,  73,  155-195 
natural  gas,  123 
samples,  41 
screen,  97 
Anticlines,  48,  52 
Areas  of  sands,  24,  57 
Asbury  Chapel,  68,  174 
Ashley,  Geo.  H.,  5,  7 

B 

Baker  sand,  40 
Balltown  sand,  42 
Barite,  31 

Barrs  Corner,  43,  100,  120,  122,  137 

Bars,  28-30,  32-38,  105,  112 

Bass,  N.  Wood,  33 

Baum,  21,  88,  91,  93 

“Big  Red”  sand,  26 

Billings,  45,  105,  120,  125 

Bissel  Park,  90,  109 

Black  School,  44,  105,  118 

Blauser  School,  42 

Blood  farm,  112 

Bossier,  R.  B.,  56 

“Boulder”  sand,  27,  28,  37,  106,  139 
Bradford  sand,  44,  45 
Brannon  Run,  100,  114 
Brewer,  Charles,  33 
Brewer,  Watson  & Co.,  52 
Brookville  coal  correlation,  7 
Brundred  Oil  Corp.,  56,  60,  96 
Buchanan  farm,  53,  94,  112,  114 
Bullion,  68,  115,  161,  166-168 
Bully  Hill,  17,  150,  170 
Bureau  of  Mines,  67,  73,  155-195 
Burgoon  sandstone,  12 
Busch,  Daniel  A.,  16,  18,  21,  149 
Byram  field,  159 

C 

Calaboose  Run,  108 
Calcite,  31,  39,  98 
Carl,  11,  16,  48,  150 
“Carl”  sandstone,  15,  16, 149-151,  154 
Carll,  John  F.,  54,  55,  107 
Carnes  School,  41,  48,  89,  111,  117- 
119,  121 

Casing,  59,  60,  102,  122 
Caster,  Kenneth  E.,  21 


Cathcart,  S.  H.,  1,  18,  21,  45 
Catskill  red  beds,  32,  33 
Centerville,  9,  89,  111,  121 
Charley  Run,  100,  112,  114 
Chemical  character  of  oil,  67 
Cherry  Grove  sand,  45 
Cherry  Run,  53,  86,  95 
Cherrytree,  26,  69,  182 
Cherrytree  Run,  94 
Cherry  Valley,  68,  160 
Chert,  8,  46,  149 
Church  Run  trend,  30 
Clapp  Lease,  11,  27-29,  42,  43,  88,  89, 
100,  110,  111,  120,  121,  125 
Clarendon  sand  41,  118 

Stray  sand,  41,  118,  144 
Clarion  clay,  9 : coal,  7-9 
Clay,  Kittanning,  8 
Clean-out  work,  78-81 
Clintonville,  38,  39,  68,  166-168 
pool,  93,  161 
Closure  on  anticline,  52 
Cloverseed,  86,  89,  107,  108,  116 
Coal  Hill,  48,  119 
Cogley  field,  104,  106,  111 
Run,  53 

Columbia  farm,  112,  115 
Compressor  plants,  63 
Connoquenessing  sandstones,  11 
Cooper  sand,  44,  45 
Core  analysis,  60,  99,  101,  117 
Core,  section  of,  96 
Cores  taken,  56,  60,  86,  88,  100,  111 
Cornplanter  Run,  6,  94,  95,  101,  108, 
112,  113 

Correlation  index  numbers,  72,  73 
of  sands,  50 

Corry  sandstone,  6,  11,  13,  20,  46,  59, 
137,  142,  145 
oil  pool,  85 

Cost  of  production,  58,  59,  75-83 


Cranberry,  28,  29, 

53, 

84, 

87, 

108, 

110,  116 

Township,  50, 

51, 

89, 

100, 

150, 

158 


Criswell  School,  42 
Cussewago  group,  21 

sandstone  cased  off,  59,  102 
Cuyahoga  group,  48 

D 

Deep  sands,  44,  117 
Deerlick  sand,  44,  45 
DeLong,  James  II.,  21,  141,  144 
Delta,  32,  34 
Derrick’s  Handbook,  54 
Disconformity,  16 
Drainage,  4 
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Drake  Well,  52,  114 
Drilling  equipment,  81-83 
methods,  59 
pattern,  63,  64 

E 

Eagle  Eock,  48,  93 
East  Sandy  Creek,  13-15,  17,  89,  150 
Economic  conditions,  57 
Egypt  Corners,  29,  53,  94,  116 
Electric  logs,  41,  50 
pumps,  106 
Elevation,  4,  5,  49 
Elk  sand,  44,  45 
Elmo,  9,  105,  120,  125 
Emery  No.  1 well,  94 
Emlenton  Spur,  12,  43,  100,  150 

F 

Fagundus  field,  176 
Faults,  48 
Feldspar,  31 
Fenneman,  N.  M.,  34 
Fern,  30,  44,  53,  69,  104,  106,  111 
pool,  105,  106,  118,  125,  161 
Fern  Bank,  48 
anticline,  52 

Fettke,  Chas.  K.,  21,  44,  45,  56,  96, 

98,  99,  137,  148 

First  sand,  23,  32,  38,  67,  84,  89,  110, 
114,  139,  142,  145,  169,  174,  181, 
188,  190,  194 

First  Sand  formation,  23,  38,  86,  88, 

89,  90,  92 
pools,  86 
Flagstone,  18 
Flares,  gas,  106,  108 
Flooding,  water,  66,  104,  109,  110, 
113,  117,  118 
Foose,  E.  M.,  7-9 
Fossil  plants,  10,  12 
Fossils,  8,  15,  17,  18,  96,  141,  151-154 
Foster,  69,  94,  165,  180 
Foster  Hill  School,  138 
Franklin  field,  169,  194 

heavy  oil,  67,  68,  70,  72,  73,  86 
Freak  oils,  73,  74 
Freedom,  43,  87,  89,  119,  120 
Future  outlook,  58 

G 

Gartland  sands,  41 

Gas,  23,  26,  27,  32,  39,  43,  60,  61,  66, 

85,  88-90,  100,  101,  102,  106,  108, 
109,  111,  112,  116-119,  121,  123-125 
Gas  City  pool,  117 
Gas  drive,  100,  106,  109,  111,  117 
Gas  pools,  119,  124 
Gasoline,  natural,  61,  109,  111,  115, 

116 

Geiser  and  Judd  farm,  109 
Geologic  relations  of  oils,  73 
Giddens,  Paul  H.,  54,  114 


Continued 


Gilson  School,  48 
Glaciation,  5 

Goodwill  Hill  field,  191,  193 
Graeber,  C.  K.,  7-9 
Graff  and  Hasson  farm,  94 
Grand  Valley,  27,  28 
Gray  sand,  28-30,  36,  37,  51,  66,  70, 
84,  88-90,  94,  95,  100,  104,  106-111, 
115,  116,  139,  158,  179 
pool,  54,  90,  110,  116 
“Gypsum”,  62,  88,  92 

H 

Hamilton  Corners,  68,  181 
Hampton  Station,  48,  52 
Hampton-Strong  field,  68,  69,  84, 
110,  179 

Haynes  farm,  94 

Heavy  oil,  67,  68,  70,  72,  73,  86 

Helfrich  farm,  94 

Hempel  analyses,  67,  73,  155-195 

Henrys  Bend,  87,  91,  93 

Hequemburg  well,  114 

Heydrick  farm,  91 

Hill  City,  29,  45,  121 

pool,  54,  111,  116,  117 
History,  52-56,  91,  94,  114 
Hoag  Hill  Church,  11 
Holiday  Eun,  112,  113 
Homewood  formation,  10 
Hoover  field,  156 

I 

Illinoian  terminal  moraine,  6 
Input  wells,  63,  102,  103 
Intake  wells,  62,  103,  106 
Intervals  between  sands,  126 
Investment  in  oil  properties,  56 
Iron  ore,  9,  10,  11,  17 

J 

Johnson,  D.  W.,  32 
Judd  and  Geiser  farm,  109 

K 

Kane  sand,  44,  45 
Kapp  School,  8,  42,  48,  120 
Kennerdell,  6,  30,  36,  115 
Keverline  sand,  41,  144,  147 
Kier  well,  94 
Kittanning  coals,  8 
sandstone,  8,  9 
Kline,  11,  12 
Knox,  gas  flares,  106 
Knox  field,  104 

Knox  Fifth  sand,  30,  84,  111,  143, 
146 

Fourth  sand,  30,  84,  105,  111, 
112,  146 

Third  sand,  28,  37,  49,  50,  51,  72, 
84,  104-106,  143,  146,  162 
Kossuth  42,  104,  105 
gas  field,  125 
Krynine,  Paul  D.,  38 
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L 

Lamberton  School,  48,  67,  90,  157 

Lease  XVIII,  64,  65 

Leases  A-E,  costs,  78-80 

Leverett,  Frank,  5 

Lime,  62,  88 

Limonite,  12 

Limestone,  Helderberg,  149 
Tully,  148 
Vanport,  7-9,  46 
Lithology,  95-98,  107,  112 
Lubricating  fraction,  58,  67-73,  101 
Lytle  farm,  92 

sand,  25,  38,  67,  84,  88,  90-94, 
104,  175,  178,  183,  184 

M 

Maple  Hollow  School,  89,  108 
Maple  Shade,  9,  42,  43,  52,  69,  100, 
108,  119,  158 
Marketing  oil,  74 
Mauch  Chunk  series,  14 
McCalmont  School,  19 
McClintock,  6,  112 
well,  1,  52 
McCrea  School,  119 
McPhersons  Corner,  11,  29,  42,  43, 
85,  110,  111 
Men  employed,  56,  57 
Mercer  coal,  7,  10 
formation,  10,  48 
Methods,  drilling,  59 
pumping,  60,  102 
tubing,  60,  102 
Minerals  in  sands,  31 
Mississippi  Delta,  34 
Monarch  Park,  14,  15,  26,  43,  94, 
117,  124,  125 
Moore,  T.  V.,  55 
Mountain  sand,  20,  85,  145 
Muscovite,  31,  98,  137 

N 

Nickleville,  28,  44,  45,  67,  68,  90,  119, 
120,  157 

Nineveh,  8,  28,  105 
Nitroglycerin,  102,  123 
Northwestern  Oil  Prod.  Assn.,  56 

O 

Oil,  character  of,  67-72 

cost  of  producing,  75-83 
pools,  First  Sand,  86 
Gray  Sand,  106 
Knox  Fourth,  Fifth,  111 
Knox  Third  Sand,  86,  104, 
111,  112 
Lytle  Sand,  90 
Red  Valley  Sand,  87 
Second  Sand,  86,  93 
Speechley  Sand,  118 
price  of,  53,  56,  58 
production,  52,  53,  56,  63,  64 


recoverable,  63,  64,  84,  85 
reserves,  83-85 

Oil  City,  4,  6,  16,  18-20,  26-28,  52-54, 
68,  84,  88,  91,  93-96,  100,  102,  103, 
106-108,  112,  119,  150,  163 
Oil  Creek,  4,  6,  19-21,  52,  55,  69,  94, 
95,  112-115 

Origin  of  Venango  sands,  32-35 
Oriskany  sand,  21,  44,  45 

P 

Paleontology,  149 
Paraffin,  62,  92,  102 
Pattern  for  wells,  63,  64,  106 
Patton  formation,  14-16 
Pa.  Grade  Crude  Oil  Assn.,  75 
Pennsylvanian-Mississippian  con- 
tact, 6 

Petrography,  31 

Petroleum  Center,  30,  36,  53,  68,  69, 
93,  172,  173 

“Petrolia”,  by  Cone  and  Johns, 
54,  107 

Photomicrographs  of  core,  99 
Pinegrove  Township,  58,  88,  100, 
101,  141.  144 

Pine  Hill  School,  43,  44,  48,  52 

Pine  Run,  18,  26,  93 

Pineville,  68,  178 

Pink  Rock,  40,  139,  143,  145,  146 

Pin  Oak  School,  94 

Pioneer,  53 

Pipe  lines,  74  ; charges,  74 
Pitch  Pine,  8,  9,  30,  43,  48,  105,  112, 
118,  125 

Pithole,  26,  88,  91,  92 
Creek,  25,  90,  91 
Pittsville,  87,  89,  148 
Plagioclase,  98 

Pleasantville,  11,  28,  53,  68-70,  88, 
92,  93,  108,  183-185,  188,  189,  195 
Plumer,  6,  26,  28,  84,  88,  91,  92,  94, 
104,  106,  107 
Porosity  diagram,  97 
Pottsville  sandstone,  5,  10,  46 
Powell  Corners,  4,  43,  89,  120,  121  • 

Power  used,  60,  123 
Prairie  Run,  89 
President,  48,  88,  150 

Township,  88,  101,  150 
Pressure  required,  89,  103,  111 
wells,  62,  63,  79,  80,  81,  83 
Price  of  oil,  53,  56,  58 
Production,  oil,  52,  63-66 
costs  of,  75-83 
daily,  57 

initial,  87,  89-92,  101 
on  leases,  78-80 

per  well,  101,  108-110,  115,  116, 
118,  122,  124,  125 
Pryor  Run,  18 

Pumping  methods,  60,  102,  106,  123 
Pyrite,  31,  137 
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Q 

Quakertown  formation,  11 
Quartz,  31,  32 
Quartzite,  39 

Queen  sand,  41,  117,  118,  144,  147 
E 

Eattlesnake  field,  68,  186 
Eaymilton,  15,  17,  30,  36,  150 
“Bed  rock”,  23,  40,  104,  139,  146 
Eed  Valley  pool,  54,  87 

sand,  23,  25,  26,  38,  54,  61,  67, 
84,  87-89,  142,  146,  157 
Eeed,  William,  well,  53 
Refineries,  56 
Eeno,  5,  94,  112 

Repressuring-,  oil  recoverable  by, 
63,  64,  84,  85,  90,  92,  101,  103 
operations,  60,  85,  94,  102,  109, 
111 

Reserves,  oil,  83-85 
Riceville  group,  23 
Richland  Township,  90 
“Rock  city”,  11 

Rockland,  44,  54,  84,  87,  108,  110,  116 
Township,  51,  89,  90,  100,  137, 
148,  150,  165,  180 
Rockmere,  88,  90,  91,  104,  150 
Rock  pressure,  121,  122,  125 
Rossman  School,  26,  86 
Rouseville,  6,  21,  52,  53,  84,  86,  93, 
95,  101,  103,  112-115 
Royalty,  77 

Rynd  farm,  53,  87,  94,  95,  101,  112, 
113,  115 

S 

Sadlers  Corner,  43,  110,  124,  125 
Saegerstown  shale,  23,  25,  38,  87 
St.  Marks  Church,  30,  43,  111,  118, 
120 

Salt  sand,  189,  195 
Samples,  analyses,  41 
Sands,  thickness  of,  22 

(see  under  First  Gray,  etc.) 
Sandy  Creek,  105 
Sawtown,  9,  42,  52,  121 
Screen  analysis,  97 
Scrubgrass  coal,  9 
Secondary  recovery,  57,  58,  61,  62, 
85,  102,  103,  108 
per  acre,  63-65 
Second  Clarendon  sand,  41 
Second  sand,  26,  32,  33,  37-39,  49-51, 
61,  66,  70,  78,  84,  88,  90,  91,  93-95, 
99,  104,  106,  107,  110,  114-116,  139, 
142,  146,  160-167,  170-172,  189,  195 
Second  Sand  pool,  53,  54,  73,  93-98, 
101,  107,  108 
Selkirk,  68,  190 
Seneca,  9,  44,  48,  108 
“Seven-spot”  pattern,  63,  64 
Shamburg  field,  69,  187 
Sharon  formation,  10-13 


Shaw  and  Munn,  7,  10,  14,  50 
Shaw  Run,  48 
Sheffield  sand,  44,  45 
“Shells”,  40 

Shenango  formation,  15,  16,  46,  141, 
149,  154 

sandstone  cased  off,  59,  102 
Shira  field,  155 

Shooting  wells,  88,  95,  102,  103,  109, 
123 

Shore  line  retrogression,  33,  34 
Siderite,  9-11,  151 
Silica,  secondary,  31,  32,  39,  98 
Slippery  Rock,  27 
“Slush”  oil,  92 
Smith,  Abraham,  well,  94 
Smith  correlation  index,  72,  73 
Smoky  Hill,  16,  18,  150 
Spacing  of  wells,  57,  63,  64,  92,  101, 
102,  122 

Speechley  fax-m,  119 

gas,  90,  109,  117,  119 

gas  field,  51,  119,  121,  124,  125 

oil  pool,  84,  118 

sand,  21,  31,  41-45,  54,  72,  84, 
117-124,  144 
structure,  51,  52 
Spits,  .30,  33,  36 
Springs,  13 

Stanleys  Corner,  48,  110 
Star  well,  91 
Steele  farm,  112 
Stellman  well,  44,  148 
Stewart  Run,  26,  91-93 
pools,  92 

Stratigraphy,  subsurface,  21-45 
surface,  6-21 

Structure,  subsurface,  49-51 
surface,  46,  47 
Suction,  effects  of,  61,  115 
(see  Vacuum) 

Sulphur,  9 
Synclines,  48 

T 

Tarkiln  pool,  29,  54,  116,  117 
Run,  89 

Tarr  farm,  53,  112,  113 
Tenmile  Bottom,  8,  9,  28,  110 
Third  sand,  29,  30,  36,  61,  66,  72, 
84,  89,  92,  94,  95,  101-103,  106-109, 
111-114,  116,  139,  156,  168,  173, 
180,  182,  187,  192 
Third  Sand  formation,  27,  106 
Third  Sand  pool,  53,  114 
Third  Stray  sand,  28,  29,  36,  37,  106- 
108,  111,  155,  158,  159,  177,  179, 
185,  191,  193 

Tiona  sand,  118,  124,  125 
Tionesta  Dam,  19 
Township,  50 
Tiona  sand,  21,  42,  43,  45 
Tombolos,  33 
Topography,  4 
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Tourmaline,  31 

Triumph  Streak  pool,  28,  175,  177 

Tully  limestone,  148 

U 

Unconformity,  12 

United  Natural  Gas  Co.,  119,  123, 
133,  135,  137,  141,  144 

U.  S.  Bureau  of  Mines,  67,  73,  155 

V 

Vacuum  applied,  61,  106,  109,  111, 
116 

Van,  11-13,  16,  41,  42,  89,  108,  109, 
122,  123 

Vanport  limestone,  7-9,  46 

Venango  group,  23 

Venus  well,  122 

Victory-Bradenburg  field,  68,  164, 
171 

W 

Walnut  Bend,  5,  6,  21,  26,  84,  87, 
91,  92,  94 
pool,  90,  104 

Warren  sands,  40,  117,  118,  143,  144, 
147 


Water,  connate,  39,  56,  66,  104 
corrosive,  59,  60,  102 
fresh,  25,  60,  85,  105,  115,  116, 
122 

salt,  27,  39,  59,  88,  89,  91,  100, 
101,  105,  106,  108,  111,  117, 
118,  121-123 

Water  flooding,  see  Flooding 
Watson  Flats,  192 
W ell  No.  42,  96-99;  No.  3706,  137; 

No.  4193,  144;  No.  4197,  141 
Well  records,  127,  137 
spacing,  see  Spacing 
Wells,  number  of,  3,  21,  53,  56,  119 
White  sand,  25,  41,  87 
Wisconsin  moraine,  6 
Wise  School,  42,  104,  105 
Wrights  Siding,  15,  48,  108,  109 
Wykle  Eun,  86 

Y 

Young,  John,  farm,  106 
Z 

Zircon,  31 
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